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Tq  His  Excellency^ 

Hon.  Wm.  A.  Richards, 
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Sir: — I  have  the  honor  to  submit  herewith  the  Eif^hth 
Annual  Report  of  the  Agricultural  College  and  the  Agri- 
cultural Experiment  Station  of  Wyoming.  This  report  is 
made  in  accordance  with  Sections  3  of  Acts  of  Congress  of 
August  30,  1890,  and  March  2,  1887,  and  covers  the  work  of 
the  College  and  Station  from  July  1,  1897,  to  July  1,  1898. 

Copies  will  be  sent  also  to  all  agricultural  colleges, 
to  the  Secretary  of  the  Treasury,  to  the  Secretary  of  the 
Interior,  and  to  the  Secretary  of  Agriculture. 

Trusting  that  the  statements  contained  in  the  report 
will  prove  satisfactory  to  your  Excellency,  I  remain, 

Most  respectfully  yours. 


President  and  Director. 
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EIGHTH  ANNUAL  REPORT. 


OF   THE 


College  of  Asricnltiire  of  tlie  Dnlyerslty  of  Wyow 

I  hereby  submit  the  eighth  annual  report  of  the  (Col- 
lege of  Agriculture  of  Wyoming,  in  compliance  with  en- 
actment of  Congress.  Owing  to  the  change  of  date  due  to 
the  suggestion  of  the  Office  of  Experiment  Stations,  Depart- 
ment of  Agriculture,  all  work  of  the  fiscal  year  of  1897-9S  is 
included  in  this  report. 

INCEPTION  OF  THE  COLLEGE. 

The  first  president  of  the  University  of  Wyoming,  when 
constructing  the  various  courses  of  the  institution,  in  ac- 
cordance with  the  act  of  incorporation,  planned  for  distinct 
schools  of  agriculture  and  mechanic  arts.  These  depart- 
ments did  not  obtain  much  growth  until  1801.  On  tlie  10th 
of  January  of  that  year  they  were  organized  into  separate 
colleges  by  an  act  of  the  Legislature  of  Wyoming,  which 
vested  the  control  of  the  appropriations  from  the  ^lorrill 
Act  of  Congress  in  the  Board  of  Trustees  of  the  State  I"ni- 
versity.  The  Morrill  Act,  approved  August  30,  1800,  was 
intended  to  grant  an  endowment  for  agricultural  and  me- 
chanical colleges  in  addition  to  that  obtained  by  a  land 
grant  on  July  2,  1862. 

PRESENT  MANAGEMENT  AND  COURSE. 
The  Board  of  Trustees,  whose  names  appear  on  a  pre- 
ceding page,  remain  the  same  as  at  the  time  of  the  last  re- 
port. The  Faculty  of  the  College,  with  the  position  held  by 
each  member,  appears  on  the  same  page  with  the  Trustees. 
Wherever  a  consolidation  of  classes  has  been  possible,  the 
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sauio  professor  of  a  subject  has  been  employed  as  in  the 
College  of  Liberal  Arts.  Thus  considerable  expense  has 
been  saved  to  the  state  and  an  economijcal  management 
effected. 

The  various  courses  in  agriculture  and  mechanical  en- 
gineering have  been  appended  to  this  part  of  the  report, 
and  will  be  found  to  present  as  high  a  standard  as  those  of 
any  similar  institution  in  the  country.  The  model  offered 
by  the  Committee  on  Courses  of  the  American  Association  of 
Agricultui*al  Colleges  and  Experiment  imitations  has  been 
closely  followed. 

r 

ADDITIONAL  EQUIPMENT. 

A  brief  examination  of  the  Treasurer's  Keport  which  is 
appended  to  this  statement  will  show  that  the  expenditures 
were  this  year  larger  than  ever  before.  Most  of  this  in- 
creased expenditure  went  for  new  apparatus  and  better  fa- 
cilities in  the  various  laboratories.  The  accession  of  books 
is  verv  marked,  as  shown  bv  the  statement  of  the  librarian, 
and  the  amount  spent  in  this  direction  will  from  year  to 
year  be  rather  increased  than  diminished.  Numerous  ma- 
chines and  a  tool-room  with  a  connecting  dumb-waiter  have 
been  added  to  the  department  of  mechanical  engineering. 

A  commodious  wing  for  increasing  the  room  to  be  devo- 
ted to  foundry  work  was  built  on  the  Mechanical  Building 
during  the  summer  of  1897.  The  Greenhouse  was  also  en- 
larged by  the  addition  of  a  wing  of  rather  greater  area  than 
the  main  portion  of  the  building.  The  general  furnishings 
of  the  Main  Building  have  been  also  greatly  improved. 

ATTENDANCE. 

Notwithstanding  the  growth  of  about  fifty  percent 
last  year,  the  increased  attendance  in  all  departments  of  the 
University  this  year  has  been  great.  The  institution  as  a 
whole  has  grown  nearly  twenty  })ereent.    Two  such  remark- 
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able  years  have  so  claimed  the  attention  of  the  public  that 
people  have  come  to  feel  the  full  value  of  the  University  and 
to  be  more  willing  to  patronize  a  home  institution.  The 
growth  next  year  probably  will  be  still  larger. 

DISCIPLINE. 

The  conduct  of  the  students  has  been  excellent  this 
year.  The  influx  of  so  many  pupils  from  outside  of 
Laramie  has  brought  about  a  loyalty  to  the  University  as  a 
State  institution  that  has  been  manifest  in  the  behavior  of 
all  the  students. 

The  change  in  the  principalship  of  the  Preparatory 
School  has  also  had  much  to  do  with  the  improvement  in 
order.  The  younger  students  naturally  are  more  prone 
to  make  trouble  and  always  have  need  of  a  firm  but  kind 
hand  to  rule  them. 

A  QBEAT  NEED. 

It  is  very  evident  that,  with  the  increase  of  students 
during  the  last  few  years,  the  erection  of  a  Science  Hall 
ought  not  to  be  delayed  another  year.  If  it  is,  the  depart- 
ments of  chemistry,  physics,  geology,  biology,  and  mechani- 
cal engineering  are  bound  to  suffer  seriously.  The  legisla- 
ture should  not  refuse  to  make  an  appropriation  for  a  build- 
ing that  has  been  so  long  needed  and  would  be  of  so  much 
value  to  the  state. 
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Departmental  Statements. 


The  following  is  a  detailed  report  of  each  department 
of  the  College  of  Agriculture: 

POLITICAL  SCIENCE. 

This  department  includes  civics,  public  law,  political 
economy,  and  sociology.  Its  aim  has  been  to  cultivate  inde- 
pendent thought  and  foster  intelligent  citizenship.  After 
the  origin  and  growth  of  each  subject  has  been  investigated, 
and  the  general  principles  have  been  acquired,  the  student 
is  required  to  apply  the  principles  thus  obtained  to  leading 
problems  of  the  present  day.  Debates,  public* and  private, 
form  an  important  feature  of  the  courses.  The  following 
subjects  are  offered: 

[.  Constitutional  Law.  Cooley;  Black.  Examination 
of  cases;  lectures;  debates.  [Elective  for  agricultural  sen- 
iors.] 

II.  International  Law.  Walker;  Gallaudet;  Woolseyj 
Snow's  Cases.  Lectures;  debates;  theses.  [Elective  for 
agricultural  seniors.] 

III.  Political  Economy,  Ely's  Introduction;  Walker, 
Marshal;  Gregory.  Lectures;  debates;  theses.  [Kequired 
of  agricultural  and  mechanical  seniors.] 

IV.  Comparative  Government.  Wilson's  The  State;  Wen- 
zel's  Comparative  View  of  Government;  Bagehot's  English 
Constitution;  Helie's  Les  Constitutions  de  France;  Xicol- 
son's  Sketch  of  the  German  Constitution;  Bryce's  American 
Commonwealth.    Lectures;  theses.     [Elective  for  seniors.] 


SOCIAL  SCIENCE. 

The  aim  of  this  department  is  to  familiarize  student* 
with  the  history  of  social  development  and  to  encourage  in- 
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vestigation  of  the  principles  on  which  social  progress  de- 
pends. After  a  thorough  grounding  in  the  fundamental 
facts,  the  student  is  expected  to  observe  the  social  phe- 
nomena about  him  and  to  study  the  various  problems  in  an 
independent  manner.  Inasmuch  as  sociology  is  a  science 
of  recent  birth  and  its  theories  are  constantly  expanding, 
mnch  of  the  class-work  consists  of  lectures  and  theses.  The 
following  subjects  are  offered : 

I.  Principles  of  Sociology.  Small  and  Vincent;  Gid- 
dings;  Kidd's  Social  Evolution.  Lectures;  debates;  theses. 
[Elective  for  agricultural  seniors.] 

II.  Social  Problems.  Study  of  crime,  suicide,  insanity, 
pauperism,  charities,  temperance,  socialism,  education,  etc. 
Discussion;  theses.  [Elective  for  agricultural  seniors  who 
have  taken  I  and  Philosophy  IV.] 

III.  Social  Philosophg.  Lectures  on  social  theories,  old 
and  new,  and  on  the  aims  of  society.  Discussions;  theses. 
[Elective  for  agricultural  seniors  who  have  taken  I  and  II.] 


PHILOSOPHY. 

The  work  of  this  department  is  intended  to  furnish  an 
acquaintance  with  philosophic  thought,  to  afford  a  training 
in  the  methods  of  investigating  philosophic  phenomena,  and 
to  imbue  the  student  with  the  latest  methods  of  education. 
Special  attention  is  given  to  physiological  psychology.  The 
work  in  this  subject  is  illustrated  by  charts  and  models  of 
the  brain  and  sense  organs  and  by  the  introduction  of  vari- 
ous experiments.  In  teaching  logic  more  time  than  formerly 
is  given  to  inductive  reasoning,  as  a  perfect  knowledge  of 
this  form  is  especially  helpful  to  scientific  students  and  to 
those  intending  to  do  research  work  in  philosophy. 

I.  Psychology.  James's  Briefer  Psychology,  supple- 
mented by  outside  reading  and  lectures.  A  consideration 
of  the  structure  and  functions  of  the  nervous  svstem  and 
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sense  organs,  of  conscioasness,  attention,  memory,  emo- 
tions, movements,  habits  and  their  formation,  and  the  path- 
ological conditions  of  the  mind.  [Required  of  agricultural 
juniors.] 

II.  Physiological  Psychology.  James.  Ladd.  Observa- 
tion and  experiments;  investigation  of  special  topics.  [Elec- 
tive for  agricultural  seniors.] 

III.  Logic.  Jevons-Hill's  Elements  of  Logic  as  text, 
with  Fowler,  Bain,  Sidgwick,  and  others  for  reference. 
Treatment  of  the  proposition,  immediate  and  mediate  infer- 
ence, the  hyj>othesis,  arguments,  and  fallacies.  Special  at- 
tention to  the  principles  and  methods  of  induction.  [Elec- 
tive for  agricultural  seniors.] 

IV.  Ethics.  Bowne's  Principles  of  Ethics,  supplement- 
ed by  discussions  and  assigned  readings  from  Spencer,  Bain, 
Seth,  and  others.  Examination  of  the  principal  theories 
and  of  special  topics,  such  as  the  formation  of  the  ethical 
ideal,  the  duties  of  the  individual,  of  the  family,  and  of  so- 
ciety.    [Elective  for  agricultural  seniors.] 


BIOLOaT. 

The  department  of  biology  as  at  present  organized  in- 
cludes botany,  zoology  and  physiology. 

Even  in  the  introductory  courses  laboratory  work  is 
made  a  prominent  feature  in  order  that  from  the  first  stu- 
dents may  become  self-reliant. 

The  equipment  of  the  department  has  been  adequate  to 
the  demands  made  upon  it,  and  as  new  necessities  arise  in 
connection  with  the  several  courses,  they  will  be  supplied  as 
far  as  possible  from  the  resources  at  command. 

One  of  the  two  rooms  of  the  department  is  a  convenient 
lecture  room  having,  among  its  other  equipments,  a  lantern 
with  microscope  attachment.    This  enables  the  instructor  to 
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illustrate  on  the  screen  by  both  lantern  and  microscope 
slides  the  subject  under  discussion. 

The  laboratory  is  large  and  well  lighted,  and  is  fur- 
nished with  working  tables  and  desks.  The  following  sub- 
jects are  offered: 

BOTANY. 

I,  II,  IIL  Qeneral,  The  purpose  of  this  introductory 
course  is  to  give  a  general  view  of  the  entire  field.  The  work 
progresses  from  the  simplest  plants  to  the  more  specialized 
forms.  The  first  and  second  terms  are  devoted  to  the 
morphology  and  physiology  of  plants,  and  the  third  term  to 
the  ecology  and  classification  of  phanerogams.  [Required 
of  agricultural  freshmen.] 

IV,  V.  Histology  and  Physiology.  A  course  in  histology 
and  experimental  physiology  of  the  higher  plants,  together 
with  a  consideration  of  some  of  the  special  problems  of 
plant  reproduction  and  morphology.  [Elective  for  agri- 
cultural seniors.] 

VI.  Mycology,  Fungi  in  general,  but  with  special  at- 
tention paid  to  those  of  economic  importance.  [Elective 
for  agricultural  seniors.] 

ZOOLOGY. 

I,  II,  III.  General.  The  aim  is  to  acquaint  the  student 
with  the  main  facts  of  animal  structure,  physiology,  and 
classification  by  means  of  lectures,  laboratory  wH)rk  on  typi- 
<-al  animal  forms,  and  prescribed  reading.  It  is  a  prerequi- 
site for  the  other  courses  in  Zoology.  [Required  of  agri- 
cultural sophomores.] 

IV,  V.  Comparative  Anatomy  of  Vertebrates,  A  study 
of  the  principal  problems  connected  with  the  successive 
modifications  of  the  different  organs  in  the  several  classes 
of  animals.    [Elective  for  all  who  have  taken  I,  II,  and  III.] 

VI.  Microscopical  Anatomy.  Microscopical  technique, 
methods  of  investigation,  and  the  preparation  of  sections  of 
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normal  vertebrate  tlBsues.     [Elective  for  agricultural  sen- 
iors.] 

PHYSIOLOGY. 

I.  Advanced  Physiology.  This  course  assumes  on  the 
part  of  the  student  such  general  knowledge  of  the  human 
body  as  is  provided  in  the  grammar  grades  of  our  best  public 
schools.  The  course  aims  to  review  the  more  iipportant  sub- 
jects to  consider  the  problems  of  hygiene  that  are  of  special 
interest  to  all  students.  [Required  of  preparatory  agricul- 
tural students.] 


AQBICULTURE. 

The  instruction  in  agriculture  aims  to  give  the  student 
the  greatest  possible  knowledge  of  the  science  of  agricul- 
tural practice  in  the  time  given.  The  larger  part  of  the  in» 
struction  is  by  lectures.  Where  text-books  are  used,  they 
are  supplemented  by  lectures,  keeping  the  student  abreast 
of  the  times. 

Up  to  the  senior  year,  as  often  as  the  other  work  will 
permit,  students  are  required  to  work  in  the  greenhouse  or 
upon  the  agricultural  grounds  or  experiment  farm  two  bonis 
each  afternoon.  As  far  as  possible,  the  work  is  made  to  il- 
lustrate the  branch  being  taught.  The  agricultural  mnst^um 
furnishes  material  with  which  to  illustrate  the  study  of 
farm  crops  and  the  agricultural  productions  of  the.  world. 

In  the  work  upon  the  farm  and  the  instruction  in  the 
class-room,  the  methods  and  results  of  the  Experiment  Sta- 
tion are  always  before  the  student.  These  will  afford  him 
much  general  information  rei?arding  the  practice  of  agricul- 
ture in  this  region,  and  will  give  him  an  insight  into  the  way 
by  which  important  facts  are  deduced  from  the  mass  of  daily 
observations  and  notes.  The  following  subjects  are  re- 
quired: 
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I.  History  of  Agriculture.  Taught  by  lectures  and  refer- 
ence books,  such  as  Goss'  Principles  of  Plant  Culture,  and 
Johnson's  How  Plants  Grow,  and  How  Plants  Feed.  A 
brief  outline  of  the  history  of  agriculture,  followed  by  a 
thorough  course  in  the  principles  of  plant  cultivation  and 
growth.    [Required  of  agricultural  sophomores.] 

n.  i^oils,  Tillagej  and  Fertilizers,  Taught  by  lectures 
and  reference  books,  such  as  King's  The  Soil,  and  Storer's 
Agriculture.     [Required  of  agricultural  sophomores.] 

ni.  Farm  Crops.  Lectures.  Planting,  irrigating,  har- 
vesting, and  marketing;  lajing  out  and  improving  farms; 
farm  management  and  farm  accounts.  The  students'  prac- 
tice will  include  setting  up  and  running  farm  machinery, 
planting  and  irrigating  crops  properly.  [Required  of  agri- 
cultural sophomores.] 

IV,  V.  Breeds  of  Live  Stock,  Curtiss'  Breeds  of  Live 
Stock,  Warfield's  Cattle  Breeding,  Miles'  Stock  Breeding, 
supplemented  by  lectures  and  practice  in  judging  by  scale 
of  points.     [Required  of  agricultural  juniors.] 

VI.    Stock  Feeding  and  Dairy  Management,     Armsby's 

Cattle  Feeding,  Henry's  Feeds  and  Feeding,  and  lectures. 
[Required  of  agricultural  juniors.] 


HORTIGULTUEE. 

The  instruction  in  this  department  aims  to  give  the  stu- 
dent a  good  general  foundation  in  the  science  of  gardening, 
plant  cultivation,  fruit  raising,  landscape  and  ornamental 
gardening.  During  the  Spring  term  of  one  year,  two  hours 
of  laboratory  work  each  week  in  the  nyiltiplication  of 
plants,  grafting,  budding,  and  making  cuttings  are  required. 
The  following  subjects  are  offered: 

I.  Plant  Forcing,  Study  of  green-houses  and  hot-beds, 
and  of  the  cultivation  and  propagation  of  vegetables  and 
small  fruits.    Lectures.    [Required  of  agricultural  juniors.] 
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II.  Pomology,  Pruning,  grafting,  budding,  cuttings, 
and  orcharding.  Lectures.  [Required  of  agricultural  jun- 
iors.] 

III.  Landscape  and  Ornamental  Gardening,  Lectures. 
[Elective  for  agncultural  seniors.] 

IV.  Thesis  Work.  Pollination,  cross  fertilization,  varia- 
tion, or  other  advanced  subject.  [Elective  for  agricultural 
seniore.] 


ENTOMOLOGY- 

This  department  aims  to  give  the  student  an  insight 
into  insect  life,  and  afford  some  knowledge  of  economic  en- 
tomology through  the  study  of  injurious  insects  and  the 
means  for  their  extermination.  The  following  subjects  are 
required : 

I.  Elementary.  Packard's  Entomology,  with  Comstock 
for  reference.    Lectures.   [Required  of  agricultural  juniors.] 

II.  Economic  Entomology.  Smith's  Economic  Entomol- 
ogy, supplemented  by  lectures.  [Required  of  agricultural 
juniors.] 

IBEiaATION. 

The  object  of  this  department  is  to  give  a  general  idea 
of  the  principles  of  irrigation  i>ractice  and  water  measure* 
ment. 

I.  Principles.  Effects  of  water  on  soil  and  crops,  and 
measurement  of  water.  Lectures,  reference  reading,  and 
practical  work.     [Required  of  agricultural  junior.] 


CHEMISTRT. 

The  work  of  all  courses  in  the  department  of  chemistry 
is  experimental  and  inductive  so  far  as  consistent  with  the 
ac(|nirement  of  the  necessary  amount  of  general  informa- 
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tion.  Students  are  from  the  first  encouraged  to  work  inde- 
pendently on  lines  of  investigation  in  which  they  are  spe- 
cially interested. 

The  department  of  chemistry  occupies  four  rooms  in 
the  south  end  of  the  Main  Building.  One  room  contains  the 
analytical  balances  and  the  chemical  reference  library,  the 
second  is  devoted  to  the  experimental  work  of  the  Wyoming 
Agricultural  Experiment  Station,  the  third  is  a  lecture 
room,  and  the  fourth  and  largest  room  is  fitted  up  for  the 
classes  in  qualitative  and  quantitative  analysis.  The  de- 
partment is  well  equipped  with  apparatus  for  research  and 
analytical  work  in  organic  and  inorganic  chemistry.  The 
following  subjects  are  open: 

I,  II.  Elementary.  Freer,  and  Storer  and  Lindsay.  The 
aim  of  this  course  is  to  give  students  a  knowledge  of  the 
laws  of  chemical  change,  a  practical  familiarity  with  the 
principal  elements  and  compounds,  and  skill  in  the  manipu- 
lation of  apparatus.  [Required  of  agricultural  and  mechan- 
ical sophomores.] 

III.  Qualitative  Analysis.  Caldwell's  Qualitative  Anal- 
ysis. Students  will  acquire  the  ability  to  detect  the  ordi- 
nary acids  and  bases  in  any  substance.  [Required  of  agri- 
cultural and  mechanical  sophomores.] 

IV.  Quantitative  Analysis.  Caldwell  and  Freaeniua. 
Twenty  simple  gravimetric  and  volumetric  determinations. 
[Elective  for  students  who  have  taken  III.] 

VI.  Inorganic  Preparations.  Erdman's  Anleitung  zur 
Darstellung  chemischer  Prftparate.  Preparation  of  a  num- 
ber of  difficult  compounds  and  elements.  [Open  to  students* 
who  have  taken  III;  spring  term;  laboratory  work  ten  hours 
a  week.] 

VII.  Organic  Chemistry.  Remsen's  Organic  Chemistry. 
Lectures  and  recitations  on  the  compounds  of  carbon.  [Re- 
quired of  agricultural  juniors;  fall  term;  five  times  a  week.] 
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VIII.  Organic  Preparations.  Oatterman;  practical 
methods  in  organic  chemistry.  [Open  to  students  who  have 
taken  VII;  winter  term;  laboratory  work  ten  hours  a  week.] 

XI.  Agricultural  Chemistry.  The  chemistry  of  plant 
growth,  and  the  application  of  chemical  principles  to  practi- 
cal agriculture  with  special  reference  to  the  problems  of  the 
arid  region.  [Required  of  agricultural  juniors;  winter  term; 
lectures  three  hours  and  laboratory  work  four  hours  a 
week.] 

XII.  Applied  Chemistry.  Lectures  on  chemical  pro- 
cesses and  manufactures  not  included  in  metallurgy,  and  on 
methods  of  analysis  and  control.  Most  attention  is  paid  to 
subjects  of  practical  importance  in  Wyoming;  such  as  petro- 
leum and  its  products;  coal,  gas,  and  coke;  building  stone 
and  cements;  alkalies  and  acids;  beet  sugar;  glass;  air  and 
water  supply.    [Required  of  mechanical  juniors.] 


GEOLOaT. 

Most  of  the  instruction  in  this  department  is  given  by 
lectures,  but  text-books  are  used  for  reference  together 
with  the  latest  geological  reports. 

The  location  of  the  Agricultural  College  is  exception- 
ally advantageous  for  the  study  of  geology.  Only  a  few 
miles  east  the  Laramie  mountains  rise  nearly  2,000  feet 
above  the  campus,  while  to  the  westward  the  Medicine  Bow 
mountains  rise  5,000  feet.  Both  of  these  mountain  ranges 
are  mineralized,  and  mining  has  been  carried  on  for  many 
years.  They  furnish  rich  fields  for  the  student  of  structural 
and  dynamical  geology,  as  well  as  for  those  who  wish  to 
study  almost  new  archean  exposures.  Flanking  these 
ranges  are  paleozoic,  nvBsozoic,  and  cenozoic  rocks  that  have 
been  exposed  by  the  mountain  making  and  subsequent  ero- 
sion, so  that  a  student  may  easily  make  himself  familiar 
with  the  entire  series  of  Rocky  Mountain  sedimentary  rocks. 
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The  working  collections  of  rocks  and  fossils  in  the  depart- 
ment are  not  large,  bnt  well  selected  and  are  increasing  in 
size  very  rapidly.  The  collection  of  mesozoic  invertebrates 
is  very  complete,  and  the  collection  of  Jurassic  vertebrates 
is  the  second  in  size  in  the  United  States.  To  those  who 
wish  to  study  economic  geology  special  inducements  can  be 
offered,  since  ores  of  economic  value  are  numerous,  and  arb 
only  a  short  distance  away.  The  plains  are  also  well  sup- 
plied with  mines  of  coal  and  deposits  of  clay,  gypsum,  and 
building  stones. 

The  following  list  of  books  is  used  for  reference  and 
text  work  in  this  department :  LeConte,  Dana,  Geikie,  Kay- 
ser-Lake,  Lapparent,  Tarr,  Zittel,  and  Nicholson  and  Lydek- 
ker.   The  following  subjects  are  offered: 

I.  Dynamical  and  Structural.  Geological  forces,  condi- 
tions in  which  stratified  rocks  are  found,  and  general  topo- 
graphy. Lectures;  LeConte  and  Dana  as  texts.  [Required 
of  agricultural  juniors.] 

IL  Mineralogical.  Elementary  study  of  mineralogy,  in 
which  a  student  is  required  to  determine  fifty  species  of  com- 
mon minerals  with  the  blow-pipe.  Lectures;  Crosby  and 
Brush  as  texts.    [Required  of  agricultural  juniors.] 

III.  Historical.  Studv  of  fossilized  life  associated  with 
stratified  rocks,  and  methods  of  determining  formations 
from  associated  fossil  life.  Lectures;  LeConte  and  Dana  as 
texts.     [Required  of  agricultural  juniors.] 

IV.  Economic.  Study  of  the  minerals  of  economic  im- 
portance and  methods  of  preparing  them  for  the  market. 
Lectures;  Kemp  and  Tarr  as  texts.  [Elective  for  agrieul- 
tu^l  seniors.] 

V.  Paleontological.  Elementary  course  in  paleontology. 
Lectures;  Nicholson  and  Lydekker  as  text.  [Elective  for 
agricultural  seniors.] 

-(b) 
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VI.  Advanced.  Course  arranged  to  suit  the  needs  of 
students.  One  week  in  the  field.  [Elective  for  agricultural 
seniors.] 


HISTOBY. 


The  purpose  of  the  department  of  history  is  to  create  a 
taste  for  historical  reading  and  give  the  ability  to  compre- 
hend rightly  the  events  of  the  times  by  applying  the  experi- 
ence of  the  past  to  the  conditions  and  problems  of  today. 
The  aim  is  not  the  accumulation  of  a  mass  of  facts  and 
dates,  but  the  acquisition  of  a  right  comprehension  of  great 
historical  events. 

Text-books  are  used,  especially  in  the  preparatory 
olasses;  but  the  study  of  the  assigned  lessons  is  supple- 
mented by  reading  different  authorities  on  the  same  sub- 
ject and  by  lectures.  The  historical  library  has  been  greatly 
enlarged  during  the  past  year  and  is  at  the  disposal  of  the 
students  in  this  department.  The  following  courses  are  of- 
fered : 

I.  England.  Montgomery's  English  History.  [Re- 
quired of  preparatory  students.] 

II,  III.  Mediaei'al  and  Modei^n.  Mver's  Mediaeval  and 
Modern  History.     [Required  of  preparatory  students.] 

IV.  Greece,  Smith's  Shorter  History  of  Greece. 
(Brownson's  Revision);  Guerber's  Mythology.  [Elective  for 
agricultural  seniors.] 

V.  Rome.  Allen's  History  of  Rome.  [Elective  for  ag- 
ricultural seniors.] 

VI.  VII,  VIII.  Middle  Ages.  Thatcher  and  Schwill. 
Lectures  and  supplementray  reading.  [Elective  for  agri- 
cultural seniors.] 
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ENGLISH. 

The  aim  of  the  preparatory  work  in  this  department  is 
to  teach  the  student  to  understand  and  use  the  English  lan- 
guage correctly  and  to  cultivate  in  him  a  taste  for  the  best 
literature.  A  thorough  mastery  of  English  grammar  is  re- 
quired before  entrance  to  the  Preparatory  Year. 

The  student's  work  in  literature  is  made  to  furnish  the 

occasion  as  well  as  the  material  for  the  preparation ,  of  es- 
says. These  essays  are  subject  to  criticism  both  in  the  class 
and  with  the  individual  writers. 

The  formal  study  of  rhetoric  is  designed  to  ground  the 
student  in  the  principles  of  English  composition  and  to  cul- 
tivate his  literary  sense  by  analytical  study. 

The  work  in  oratory  is  of  a  practical  character.  An 
effort  is  made  to  secure  reading  that  shall  be  intelligent, 
natural  and  forcible,  and  to  develop  spontaneous  expression 
from  the  mental  side.  The  student  meets  the  instructor  per- 
sonally for  reliearsal  and  criticism. 

The  following  subjects  are  open: 

I,  II,  III.  Elementary,  Lockwood's  Lessons  in  English. 
Selections  from  the  following  American  authors  are  read^ 
Longfellow,  Irving,  Hawthorne,  Bryant,  Holmes.  Lowell, 
Whittier.  Essays  and  recitations,  based  upon  the  text-book 
and  reading.     [Required  of  preparatory  students.] 

VII,  VIII,  IX.  Principles  of  Literature.  Careful  read- 
ing of  the  following  works:  Milton's  Paradise  Lost,  Books 
I  and  II;  Pope's  Iliad,  Books  I  and  XXII;  The  Sir  Roger  d^ 
Coverly  Papers  in  The  Spectator;  Goldsmith's  Vicar  of 
Wakefield;  Coleridge's  Ancient  Mariner;  Southey's  Life  of 
Nelson;  Carlyle's  Essay  on  Burns;  Lowell's  Vision  of  Siu 
Launfal;  Hawthorne's  House  of  Seven  Gables.  [Required 
of  mechanical  sophomores  and  agricultural  freshmen.] 

X,  XI,  XII.    History  of  Literature.    History  of  English 
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and  American  literature.     Selected  reading;  composition; 
recitations.     [Required  of  mechanical  juniors.] 

XIII,  XIV,  XV.  English  Masterpieees.  Critical  study 
of  the  masterpieces  of  English  literature;  especially,  selec- 
tions from  Milton,  Drj^den,  Pope,  Thomson,  Johnson,  Gray, 
Goldsmith,  Cowper,  Burns,  Coleridge,  Byron,  Keats,  Shel- 
ley, AVordsworth,  ^lacaulay,  Matthew  Arnold,  Browning, 
Tennyson.    [Required  of  agricultural  sophomores.] 

XIX,  XX,  XXI.  Oratory.  Study  of  selections  from 
great  English  and  American  orators.  Principles  of  oratory 
exemplified  in  practice.     [Required  of  seniors.] 


MATHEMATICS. 

The  instruction  in  mathematics  aims  to  develop  the 
powers  of  mental  concentration,  to  give  facility  in  attacking 
original  problems,  and  ability  to  recognize  the  difference 
between  logical  i)roof  and  presumptive  evidence,  and  to 
form  in  the  student  the  habit  of  exi)re8sing  his  ideas  in  com 
cise  mathematical   language. 

All  fundamental  concepts  are  presented  in  as  many  dif- 
ferent forms  as  possible,  with  fullness  of  explanation  and 
variety  of  illustration,  so  that  the  student  may  thoroughly 
understand  all  the  principles  involved. 

The  following  subjects  are  required: 

I,  II,  III,  IV,  Algt^ra,  Wentworth,  Wells,  Taylor,  or 
Charles  Smith.  Fundamental  operations.  Fractions  and 
fractional  equations,  simultaneous  equations  of  the  first  de- 
gree. Problems  involving  two  unknown  numbers,  simple 
indeterminate  equations,  involution  and  evolution.  Radical 
and  imaginary  expressions,  quadratic  equations,  ratio  and 
proi)ortion.  [Required  of  preparatory  students  and  fresh- 
men.] 
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V,  VI.  Plane  Geometry.  Wells,  Wentworth,  Chauveiiet, 
or  Beman  and  Smith.  Much  of  the  time  is  devoted  to 
soMng  original  propositions,  and  if  time  permits,  some  of 
the  modern  methods  and  the  geometrical  theory  of  propor- 
tion will  be  taught.    [Required  of  freshmen.] 

VII.  Advanced  Algebra,  Wells'  College  Algebra.  Pro- 
gressions, binomial  theorem,  convergent  and  divergent 
series,  undetermined  coefficients,  logarithms,  permutations 
and  combinations,  summation  of  series,  determinants,  the- 
ory of  equations,  solution  of  higher  equations.  [Required 
of  mechanical  sophomores.] 

IX.  Trigonometry.  Wells'  New  Trigonometry.  The  de- 
velopment of  the  general  formulae  and  their  application  to 
the  solution  of  triangles,  polygons,  and  original  field  prob- 
lems. [Required  of  agricultural  juniors  and  mechanical 
sophomores.] 

X.  Analytical  Geometry.  Wentworth's  Analytical  Ge- 
ometry. The  analytical  geometry  of  the  straight  line,  circle, 
and  conic  sections;  including  a  general  discussion  of  the 
general  equation  of  the  second  degree,  and  an  introduction 
to  the  geometry  of  three  dimensions.  [Required  of  mechan- 
ical juniors,  elective  for  agricultural  seniors.] 

XI.  XII.  Calculus.  Osborne's  Calculus.  Differentia- 
tion of  functions,  successive  differentiation,  indeterminate 
forms,  development  of  functions  in  series,  maxima  and  min- 
ima, functions  of  two  or  more  variable,  tangents,  normals, 
asymptotes,  direction  of  curvature,  singular  points,  curve 
tracing,  evolutes,  envelopes,  and  order  of  contact.  Integra- 
tion, application  to  geometry  and  mechanics,  successive 
integration,  integration  of  rational  fractions,  integration  by 
rationalization,  by  parts,  and  by  series,  lengths  and  areas  of 
plane  curves,  areas  of  surfaces  of  revolution,  and  volumes  of 
solids.  [Required  of  mechanical  juniors,  elective  for  agri- 
cultural seniors.] 
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PHYSIOS. 

The  aims  of  this  department  are  to  cultivate  in  the  stu- 
dent liabits  of  thoughtful  observation,  intelligent  and  rapid 
manipulation,  and  to  give  him  a  general  knowledge  of  natu- 
ral phenomena.  In  all  courses  the  subjects  are  studied  from 
the  experimental  side,  the  student  spending  at  least  one- 
half  of  the  time  allotted  to  the  work  in  the  laboratory,  under 
the  direct  supervision  of  the  professor  in  charge. 

The  following  subjects  are  offered : 

I,  II,  III.  Elementary.  Carhart  and  Chute's  Elements 
'of  Physics;  Allen's  Laboratory  Physics.  The  properties  ot 
matter;  mechanics  of  solids  and  liquids.  Heat,  sound,  and 
light.    Magnetism  and  electricity.    [Required  of  freshmen.] 

IV,  V,  VI.  General.  Barker's  Physics.  Outlined  ex- 
periments with  reference  to  laboratory  manuals.  Physical 
quantities,  kinematics,  dynamics,  work  and  energy,  attrac- 
tion and  potential,  and  properties  of  matter.  Energy  of 
mass  vibration,  molecular  kinetic  energy,  radiant  energy. 
Energy  of  aether-stress,  energy  of  aether-vorti(^es,  energy  of 
aether-flow%  and  the  electro-magnetic  character  of  radiation. 
[Required  of  mechanical  juniors  and  elective  for  agricul- 
tural seniors.] 

VII.  Electric  Measurements.  Measurement  of  resist- 
ances, calibration  of  amperemetere  and  voltmeters,  calcula- 
tion of  the  electromotive  force  of  batteries  and  dvnamoa. 
magnetic  determinations,  heating  effect  of  currents,  etc. 
(Elective  for  agricultural  seniors.] 


MECHANICS. 

The  aim  of  the  instruction  in  this  department  is  to  giv^ 
tl  e  student  a  thorough  insight  into  the  general  principles 
governing  prime  movers  and  mechanical  movements,  an«I 
acquaintance  with  the  methods  in  which  these  principles 
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may  be  applied  and  combined  in  order  to  produce  the  desired 
effect  in  all  branches  of  engineering.  Instruction  is  also 
given  in  subjects  which  are  rather  more  technical  than  theot 
reticah  and  the  application  of  theory  to  practice  is  never 
lost  sight  of.  The  work  is  fully  illustrated  by  frequent  ref- 
erence to  the  engineering  and  mechanical  equipment  of  th^ 
university  and  other  ayailable  sources. 

The  following  subjects  are  required  of  mechanical  stu- 
dents: 

I,  II.  Founding.  Lectures  on  core  making,  loam,  dry 
and  green  sand  moulding;  cast  iron;  flasks,  facing,  finishiiig^ 
etc.;  also  on  preparing,  charging,  tapping  out,  and  stopping 
up  the  cupola.    [Required  of  mechanical  freshmen.] 

III.  Iron  Working  Machines,  Joshua  Rose's  Complete 
Practical  Machinist.  Study  of  the  use  and  care  of  iron  ma« 
chinery,  particularly  the  lathe;  speed  of  different  parts; 
screw  cutting,  turning  excentrics,  taps  and  dies;  fitting  con- 
necting rods;  pumps,  etc.  [Required  of  mechanical  juniors: 
fall  term;  five  times  a  week.] 

IV.  Elements  of  Mechanism.     Stahl  and  Woods'  Ele 
mentary  Mechanism.     Study  of  the  elementary  principles 
underlying  mechanical  movements  and  the  modes  of  com- 
uiunicating  motion.'  [Required  of  mechanical  juniors;  win 
terterm;  five  times  a  week.] 

V.  8tea7n  Boilers.  A  Treatise  on  Steam  Boilers,  by 
Wilson  and  Flather.  A  general  study  of  the  different  forms 
of  modem  steam  boilers,  their  construction,  advantages,  and 
disadvantages.  [Required  of  mechanical  seniors;  fall  term; 
five  times  a  week.] 

VI.  ^tearn  Engines.  The  Steam  Engine,  by  Homes.  The 
niechanism  and  principles  brought  into  use  in  the  design  of 
the  modern  steam  engine.  Giddings'  adjustable  model  for 
universal  valve  movements  is  used  in  the  class  room.    Care- 
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ful  study  is  also  made  of  working  engines.    [Required  of  me- 
chanical seniors;  fall  term;  five  times  a  week.] 

VII.  Steam  Engine  Indicators.  The  Slide  Valve,  by 
Rose,  and  Henienway's  Steam  Engine  Indicators.  [Required 
of  mechanical  seniors;  winter  term;  five  times  a  week.] 

VIII.  Engineering  Materials.  Merriman's  Mechanics  of 
Materials.  Theory  of  resistance  of  different  materials,  and 
study  of  those  principally  used  in  engineering,  especially 
brick,  stone,  timber,  iron,  and  steel.  [Required  of  mechani- 
cal seniors;  winter  term;  five  times  a  week.] 

IX.  Hydraulics.  A  Treatise  on  Hydraulics,  by  Merri- 
man.  The  flow  of  w^ater  through  tubes,  in  pipes,  canals, 
rivers,  and  over  wiers;  measurement  of  water  power  and 
pressure  of  flowing  water.  [Required  of  mechanical  seniors; 
spring  term;   five  times  a  week.] 

X.  Thermodynamics  of  Gases.  A  study  of  the  proper- 
ties of  gases,  saturated  vapor,  and  superheated  steam,  and 
their  application  to  the  steam  engine.  [Required  of  me- 
chanical seniors;  spring  term;  five  times  a  week.] 


DRAWING. 

The  aim  of  the  department  of  drawing  is  to  develop  and 
quicken  .the  ability  of  observation  and  to  follow  as  closely  as 
possible  the  line  of  work  done  in  the  practical  drafting  rooms 
of  machine  shops. 

The  following  subjects  are  required: 

I.  Freehand  Drawing.  Drawing  from  models  gnd  cop^ 
lea,  with  which  the  department  is  well  supplied.  [Required 
of  agricultural  freshmen,  and  of  mechanical  preparatory 
students.] 

II.  Freehand  Sketching.  Sketching  parts  of  machines 
to  be  used  in  instrumental  drawing.  [Required  of  agricul- 
tural freshmen,  and  of  mechanical  preparatory  students.] 
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III.  Use  of  Instruments.  A  short  course  in  straight  and 
curved  lines  and  lettering.  [Required  of  agricultural  fresh- 
men and  of  mechanical  preparatory  students.] 

IV.  Geometrical  Constructions.  Geometrical  problems 
nsed  in  instrumental  drawing.  [Required  of  mechanical 
freshmen.] 

V.  Descriptive  Geometfy.  An  elementary  course  in  pro* 
jeotion.    [Required  of  mechanical  freshmen.] 

VI.  Projection  of  Shadows.  Isometrical  and  working 
drawings.     [Required  of  mechanical  freshmen.] 

VII.  VIII.  Instrumental  Drawing.  Detailed  copies  of 
parts  of  machines.  Drawing  to  scale  of  parts  of  machines 
from  sketches  taken  in  the  shops  by  the  students.  [Required 
of  mechanical  sophomores.] 

IX,  X.  Shades  and  Engineering  Colors.  Drawing  and 
tinting  machines  and  parts  of  machines.  [Required  of  me- 
chanical sophomores  and  juniors.] 

XI.  Parts  of  Machines.  Designing  gears,  cams  and 
parts  of  machines  which  apply  to  the  study  of  Mechanics  II.. 
[Required  of  mechanical  juniors.] 

XII.  Blue  Prints.  Tracing  and  making  drawin<j;«  to 
be  used  in  the  shops.     [Required  of  meclianical  juniors] 

XIII.  Machine  Designing.  Designing  a  boiler  or  sonie^ 
simple  machine;  the  design  to  be  as  original  as  possible. 
[Required  of  mechanical  seniors.] 

XIV.  Steam  Engine  Drawing.  This  subject  is  to  accom- 
pany the  work  in  Mechanics  V  and  VI.  [Required  of  me- 
chanical seniors.] 


INDUSTRIALS. 

This  department  is  intended  to  simplify  mechanical  en- 
gineering by  teaching  practical  work  in  connection  with  the 
theory.   It  aims  also  to  present  the  practical  side  of  produc- 
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tion  by  running  the  machine  shops  as  nearly  as  possible  on 
the  principle  of  actual  manufacturing  establishments. 

I,  II.  Wood  Working.  Lectures  on  the  care  and  man- 
agement of  carpenter's  tools;  exercises  in  lining,  planing, 
sawing,  notching,  splicing,  mortising,  and  tenoning.  Bench 
work  in  wood;  exercises  in  dovetailing,  framing,  paneling, 
and  special  work  for  the  department.  [Required  of  agricul- 
tural and  mechanical  preparatory  students.] 

III.  Wood  Turning,  Exercises  in  straight  and  curved 
turning,  compound  curves,  etc.  [Required  of  agricultural 
and  mechanical  preparatory  students.] 

IV.  Pattern  Making,  A  large  variety  of  patterns,  in- 
cluding parts  of  machine^,are  made  for  use  in  the  foundry. 
[Required  of  mechanical  freshmen.] 

V.  VI.  Foundry  Practice,  Exercises  in  moulding,  pour- 
ing, charging,  and  managing  the  cupola.  The  castings  ob- 
tained are  used  by  the  students  in  the  machine  room.  [Re- 
quired of  mechanical  freshmen.] 

VII.  Iron  Work.  Exercises  in  filing  and  chipping,  and 
the  use  of  the  drill  press.  [Required  of  mechanical  sopho- 
mores.] 

VIII.  Iron  Plaiting,  Exercises  and  special  work.  [Re- 
quired of  mechanical  sophomores.] 

IX.  The  Engine  Lathe.  An  elementary  course;  taper- 
ing, screw  cutting,  etc.  [Required  of  mechanical  sopho- 
mores.] 

X.  The  Engine  Lathe,  Advanced.  Special  work;  turn- 
ing up  parts  of  machines,  and  work  for  the  department. 
[Required  of  mechanical  juniors.] 

XI.  Milling,  Exercises  in  milling,  sawing,  gear  cut- 
ting, spiral  cutting,  and  work  on  parts  of  machines.  [Re- 
quired of  mechanical  juniors.] 
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XII.  Engineering  Laboratory,  Testing  the  eflflciency  of 
boilers,  and  inspection  visits.  [Required  of  mechanical 
juniors.] 

XIII.  Engineering  Lahoratorg.  Testing  steam  engines, 
learning  the  principles  and  operation  of  the  steam  engine 
indicator  and  rigging;  inspection  visits.  [Required  of  me- 
chanical seniors.] 

XIV.  Shop  Engineering.  General  work  in  shop  man- 
agement, lining  shaftings,  and  setting  machines;  inspection 
visits.    [Required  of  mechanical  seniors.] 

XV.  Experimental  Laboratory,  A  thesis  is  produced  in 
connection  with  experimental  work.  [Required  of  mech- 
anical seniors.] 

Special  subjects  of  experiment  are  arranged  for  those 
who  have  taken  the  baccalaureate  of  science  in  mechanics 
and  wish  to  take  graduate  work. 


THE  MECHANICAL  SHOPS. 

This  year  the  shops  have  been  kept  running  the  entire 
time.  A  foundry  was  placed  in  the  east  wing  of  the  building 
which  makes  a  valuable  addition  to  the  shops  as  it  permits 
the  work  of  the  entire  engineering  school  to  be  carried  on 
systematically.  The  Whiting  cupola  purchased  has  a  capac- 
ity of  melting  from  1,000  to  2,000  pounds  of  iron  per  hour. 
All  necessary  tools,  such  as  flasks,  ladles,  riddles,  etc.,  to 
operate  the  foundrj-  were  also  purchased.     Many  useful 
castings  were  made  by  the  students  during  the  year.    A 
power  hack  saw  was  placed  in  the  machine  room  which  is 
a  great  time'  saver  in  preparing  work  for  the  iron  machines. 
To  provide  for  the  large  increase  of  students  three' 
eleven-inch  Putnam  wood  lathes  were  purchased.     These 
lathes  were  especially  designed  for  manual  training  pur- 
poses, and  permit  excellent  work  to  be  turned  from  them, 
^'ew  benches  for  carpenter  work  were  also  added  and  as 
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soon  as  possibJe  all  the  old  ones  will  be  entirely  replaced, 
which  will  give  the  room  a  much  neater  appearance.  A 
tool  room  system  has  been  put  in  operation.  The  room  waa 
built  on  the  third  floor  and  a  small  elevator  or  dumb  waiter 
is  used  to  carrj'  the  tools  to  and  from  the  room.  This  plan 
permits  an  accurate  account  to  be  kept  of  all  small  tools. 
A  series  of  boiler  tests  were  carried  on  during  the  year  whicU 
were  very  beneficial  to  the  higher  classes  in  Mechanics. 

Among  the  most  important  apparatus  added  to  the 
engineering  laboratory  were  Arndt's  econometer  and  a 
steam  engine  indicator.  The  econometer  will  pei'mit 
some  interesting  .experiments  to  be  made  with  steam 
boilers  and  will  enable  us  to  determine  its  value  as  a  fuel 
saver.  The  value  of  indicators  is  well  known.  They  are 
essential  to  the  study  of  steam  engines  and  open  a  wide 
field  for  experimenting.  The  study  of  engines  in  the  class- 
room has  been  much  simplified  by  the  purchase  of  Giddings* 
Valve  Model.  This  model  show^s  clearly  the  workings  of 
different  kinds  of  valves,  which  part  of  the  study  the 
students  find  very  difficult.  Excellent  progress  was  made 
by  students  in  drafting  and  free-hand  drawing.  Many  work- 
ingdrawings  for  the  shops  were  made,  which  was  work  along 
practical  lines,  and  therefore  valuable  to  students. 


MILITARY  SCIENCE  AND  TACTICS. 

The  department  of  Military  Science  and  Tactics  is  es- 
tablished in  accordance  with  the  requirements  of  an  act  of 
Congress  donating  public  lands  to  colleges,  one  of  the  con- 
ditions being  that  military  tactics  shall  be  taught.  It  is  un- 
der the  control  of  an  officer  of  the  regular  army,  detailed  by 
the  ^V^ar  Department  for  this  duty,  without  any  expense  to 
the  State,  under  the  provisions  of  Section  1225,  Revised 
Statutes  of  the  United  States.  One  hundred  and  fifty 
Springfield  rifles  (cadet  pattern;    similar  to  those  used  at 
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WestPoint)  and  equipments,  and  cannon  and  sabres  for 
artillery  and  cavalry  practice,  are  loaned  to  the  college  by 
the  U.  S.  Ordnance  Department.  An  allowance  of  ammuni- 
tion is  annually  supplied  by  the  general  government  for  pur- 
poses of  target  practice.  All  students  are  required  to  drill 
throughout  the  year.  The  cadet  officers  are  appointed  by 
the  commandant  of  cadets,  subject  to  the  approval  of  the 
President.  The  commissioned  officers  are  usually  selected 
from  the  senior  class,  the  sergeants  from  the  junior  class, 
and  the  corporals  from  the  sophomore  class,  general  merit 
and  military  efficiency  being  the  qualifications  considei'ed. 
Besides  obtaining  the  excellent  physical  results  which 
follow  systematic  and  regular  military  training,  the  morale 
of  the  students  will  thus  be  improved.  The  virtues  of  pa- 
trotism,  honor,  and  truthfulness  are  cultivated,  and  habits 
of  neatness,  promptness,  and  obedience  are  insisted  upon 

The  rules  prescribed  by  the  President  of  the  United 
States  for  the  government  of  officers  of  the  army  detailed  as 
Professors  of  Military  Science  and  Tactics  require  the  fol- 
lowing course  of  instruction: 

1.  The  course  of  instruction  shall  be  both  practical 
and  theoretical,  and  shall  b^  so  arranged  as  to  occupy  at 
least  one  hour  per  week  for  theoretical  instruction,  and  at 
least  two  hours  per  w^eek  for  practical  instruction. 

2.  The  practical  course  in  infantry  shall  embrace 
small-arm  target  practice,  and,  as  far  as  possible,  all  the 
movements  prescribed  by  the  drill  regulations  of  the  United 
States  army  applicable  to  a  battalion.  Instruction  in  artil- 
lery shall  embrace,  as  far  as  practicable,  such  portions  of 
the  Ignited  States  drill  regulations  as  pertain  to  the  forma- 
tion of  detachments,  manual  of  the  piece,  mechanical  ma- 
neuvers, aiming  drill,  saber  exercise,  and  target  practice. 
Instruction  should  also  include  the  duty  of  sentinels,  and 
where  practicable,  castrametation.     Such  instruction  shall 
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be  given  by  the  Professor  of  Military  Science  and  Tactics 
personally,  or  under  his  immediate  supervision. 

3.  Theoretical  instruction  shall  be  bv  recitations  and 
lectures  personally  conducted  and  given  by  the  Professor 
of  Military  Science  and  Tactics,  and  shall  include,  as  far  as 
practicable,  a  systematic  and  progressive  course  in  the  fol- 
lowing subjects :  The  drill  regulations  of  the  United  States 
army,  the  preparation  of  the  usual  reports  and  returns  per- 
taining to  a  company,  the  organization  and  administration 
of  the  United  States  anny,  and  the  elementary  principles 
governing  in  the  art  of  war. 

The  military  department  shall  be  subject  to  inspection 
under  the  authority  of  the  President  of  the  United  States; 
such  inspection  shall  be  made,  when  practicable,  near  the 
close  of  the  college  year.  The  inspecting  oflScer  shall,  upoik 
his  arrival  at  the  institution,  report  to  the  President  or 
other  administrative  oflQcer  in  order  to  obtain  from  him  the 
necessary  facilities  for  the  performance  of  his  duty.  A  copy 
of  the  report  of  inspection  will  be  furnished  the  President 
of  the  institution  by  the  War  Department. 

Militarv  drill  has  become  a  feature  of  all  the  courses  in 
the  University  and  it  is  required  that  all  students  appear  at 
the  drill  in  uniform.  Students  are  advised  to  come  to  the 
college  without  specially  providing  themselves  with  new 
clothes  and  to  arrange  to  wear  the  cadet  uniform  habitually 
while  at  college. 

The  cost  of  the  uniform  is  about  f  18.00.  The  grade  of 
suiting,  including  the  cap,wears  well  and  proves  to  be 
economical. 

All  male  students  are  expected  to  provide  themselves 
with  uniforms.  It  consists  of  a  blouse,  trousers,  and  cap, 
modeled  after  the  West  Point  uniform,  with  raised  gilt  but- 
tons. 
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COURSE   IN   MILITARY   SCIENCE. 

Practical. — Cadets  are  divided  into  two  classes,  First 
Year  and  Subsequent  Year  Cadets. 

For  all  cadets:  Practical  instruction  comprises  the 
schools  of  the  soldier,  squad,  and  company  in  nor- 
mal and  extended  order  (Infantry  Drill  Regula- 
,  tions),  guard  mounting  and  guard  duty,  gallery  and 
range  target  practice. 

For  Subsequent  Year  Cadets:  In  addition  to  the  above 
comprises  artillery  drill,  saber  exercise,  and  mili- 
tary signaling  with  flag  and  heliograph. 

Theoretical. — Cadets  are  divided  into  four  classes.  The 
winter  term  is  especially  devoted  to  this  instruc- 
tion, which  includes  the  following: 

First  Year  Cadets:  Infantry  Drill  Regulations,  includ- 
ing the  schools  of  the  soldier,  squad,  and  company, 
in  normal  and  extended  order. 

Second  Y'ear  Cadets :  School  of  the  battalion  and  cere- 
monies (Infantry  Drill  Regulations),  and  U.  S.  Man- 
ual of  Guard  Dutv. 

Freahman  Class:  "Elements  of  Military  Science,'^ 
Pettit. 

Sophomore  Class:  U.  S.  Army  Regulations,  muster 
rolls  and  returns,  etc.,  Military  Law,  and  State 
Laws  relating  to  the  National  Guard. 

The  corps  of  cadets  has  this  year  been  divided  into 
two  companies,  with  the  commandant  acting  as  major.  The 
number  of  young  men  in  the  drill  has  been  seventy-seven. 


THE  LIBBAE7. 

The  library,  which  is  also  the  general  reading  room  of 
tte  University,  is  situated  on  the  second  floor,  in  the  north 
^ing  of  the  main  building.  This  is  a  large,  well  lighted  and 
ventilated  apartment.    The  college  students  use  this  room 
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during  vacant  hours  from  8:30  a.  m.  to  12  m.,  and  from  1 
to  3:15  p.  m. 

The  students  at  all  times  during  the  day  ,  for  five  days 
in  the  week,  have  free  access  to  all  the  books  and  periodi- 
cals. Three  volumes  may  be  taken  by  any  one  individual 
and  kept  from  the  shelves  for  a  period  of  two  weeks.  Books 
reserved  at  the  instance  of  professors  as  collateral  reading 
for  their  courses  are  shelved  in  their  respective  rooms,  and 
can  be  taken  out  only  on  application  to  such  professors,  who 
are  responsible  for  them  during  the  period  of  their  reserva- 
tion. 

The  library  contains  5,750  bound  volumes,  and  in  ad- 
dition several  thousand  unbound  bulletins  and  reports  on 
agricultural  and  scientific  subjects. 

There  have  been  added  to  the  University  library,  dur- 
ing the  fiscal  year  1897-8,  1,080  bound  volumes  and  1,000 
pajnphlets,  including  Experiment  Station  bulletins  and  pub- 
lications from  the  department  of  Agriculture  at  Washing- 
ton, D.  C. 

The  following  agricultural  papers  and  ^yyoming  news- 
oapers  are  sent  to  the  University: 


Arkansas- 


Fanner. 
California — 

Press  and  Horticulturist. 

The  Call. 

West  American  Science. 
Colorado — 

Farmer. 

The  Field  and  Farm. 
Georgia — 

The  Southern  Cultivator. 
Illinois — 

Prairie  Farmer/ 


Orange  Judd  Farmer. 

Farmers'  Review. 

The  Farmer's  Magazine. 

The  Elgin  Dairy  Report. 

Irrigation  Age. 
Indiana — 

Clover  Leaf. 
Iowa — 

Iowa  Homestead. 
Kansas — 

Farmer. 
Kentucky — 

The  Industrial  American. 
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Louisiana — 

Planter. 
Maryland — 
Farmer. 
Sonthern  State. 
Baltimore  Weekly  Sun. 
Massaeliusetts — 

Farm  and  Home. 

Ploughman. 

Our  Grange  Home. 

American  Cultivator. 

New  England  Farmer. 
Michigan — 

Grange  Visitor. 
Missouri — 

National  Dairvman. 
Nebraska — 

Western  Resources — 
New  Hampshire — 


New  Mexico — 

Southwestern  Farm   and 
Orchard. 
New  York — 

American  Agriculturist. 

Kural  New  Yorker. 

Sugar  Trade  Journal. 
Ohio — 

American  Grange  Bulletin. 
Pennsylvania — 

Germantown  Telegraph. 

Public  Ledger,  daily. 
Virginia — 

Southern  Planter. 

The  Progressive  South. 
Washington- 
Northwest  Mining  Review 
Wisconsin — 

Hoard's  Dairyman. 


Mirror  and  Farmer. 

Ontario- 
Fanners'  Advocate. 


^tate  Papers — 
Rill  Barlow's  Budget. 
Boomerang. 

Carbon  County  Journal. 
Central  Wyoming  News. 
Cheyenne  Tribune. 
Fremont  County  Gazette. 
Laramie  Times. 
Newcastle  News-Journal. 
•Xews-Kegister. 


Otto  Courier. 
Rock  Springs  Independent 
Rock  Springs  Miner. 
Saratoga  Lyre. 
Saratoga  Sun. 
Sheridan  Journal. 
Sheridan  Post. 
Sun-Leader. 
Wheatland  World. 
Wyoming  Press. 


The  scientific  and  general  periodicals  taken  by  the  li 
hnvY  and  kept  on  the  tables  of  the  reading  room  are: 

'-(c) 
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American  Machinist.  American  Journal  of  Science. 

American  Naturalist.  American  Geologist. 

American  Gardening.  American  Journal  of  Civics. 

American  Journal  of  Mathe-  Journal  Society  of  Chemical 

matics.  Industry. 

Agricultural  Science.  Journal  of  the  Chemical  So- 

Annals  of  American  Acad-  ciety. 

emy  of  Political  and  Social  Literary  Digest. 

Science.  lileehan^s  Magazine. 

Bulletins  of  the  Torrey  Bo-  Microscope. 

tanical  Club.  Mining  and  Scientific  Press. 
Botanical  Gazette.  Monist. 
Book  News.  Nation. 
CVnturv.  Nature. 
Cosmopolitan.  North  American  Review. 
Colliery  Mining  Magazine.  Outlook. 
Education.  Physical  Review. 
Educational  Review.  Popular  Science  Monthly. 
Electrical  World.  Psychological  Review. 
Engineer  Magazine.  Philosophical  Review. 
Erythea.  Quarterly  Journal  of  Pure 
Etude.  and  Applied  Mathematics 
Fliegende  Blaetter.  Review  of  Reviews. 
Forum.  Science. 
Garden  and  Forest.  Scientific  American  and  Sup- 
Harper's  Weekly.  plement. 
TTarper's  Monthly.  Scribner. 

Western  Electrician. 

The  University  now  uses  the  Dewey  Decimal  Card  Cata- 
logue system,  and  in  addition  to  the  regular  cards  has 
those  coming  from  the  Department  of  Agriculture  at  Wash- 
ington., containing  a  complete  list  of  publications  sent  from 
that  department  and  its  several  branches  in  connection  with 
the  Experiment  Station  work. 


Treasurers  Report 


UNIVERSITY   OF   WYOMING, 

Agricultural  College, 

Laramie,  Wyo.,  June  30,  1898. 

Report  of  Treasurer  of  said  institution,  to  the  Secretary 

of  Agriculture  and  tbe  Secretary  of  the  Interior,  of  amount 

received  under  Act  of  Congress  of  August  30,  1890,  in  aid 

of  the  Colleges  of  Agriculture  and  the  Mechanic  Arts,  and  of 

the  disbursement  thereof,  to  and  including  June  30,  1898. 

Balance  on   hand   July  1,   1897 $  7,017  26 

Date  of  receipt  of  installment  for  1897-98,   Sep- 
tember 4,  1897 23,000  00 

Total  available  for  year  ending  June  30,  1898  $30,017  26 

Disbursements  thereof  for  and  during  the  year 
ending  June  30,  1898: 

Agriculture    $1,373  23 

Mechanic  Arts 3.479  40 

English  Language   1,  967     23 

Mathematical  Science   1J87  68 

Natural  and  Physical  Sciences 9,157  21 

Economic  Science  3,252  70 

Total  expended  during  the  year 21,017  45 

Balance  remaining  unexpended  July  1,  1898 |  8,999  81 

I  hereby  certify  that  the  above  account  is  correct  and 
true,  and  truly  represents  the  detail  of  expenditures  for  the 
period  and  by  the  institution  named,  and  that  said  expendi- 
tures were  applied  only  to  instruction  in  Agriculture,  Me- 
chanic Arts,  the  English  language,  and  the  various  branches 
of  Mathematical,  Physical,  Natural  and  Economic  Science, 
with  special  reference  to  their  applications  in  the  industries 
of  life,  and  to  the  facilities  for  such  instruction. 

JOHN  C.  DAVIS, 
Treasurer. 
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Courses  of  Study. 


AQBIOULTUBAL  00XJB8E. 

For  expUnation  of  the  Roman  numerals,  see  departmental  statements  on  preceding  pages. 
The  Arabic  numerals  indicate  the  number  of  hours  k  week.  Where  no  numerals  appear,  5  is  un- 
derstood. Two  hours  of  laboratory,  shop,  or  field  work  are  counted  as  equivalent  to  one  hour 
of  recitation  or  lectiur. 

PREPARATORY  YEAR. 


F.\LL   TERM. 

WINTER   TERM. 

SPRING   TERM. 

History,  I. 
English,  I. 
Mathematics,  I. 
Physiography,  I. 
Industrials.  I. 

History,  II. 
English,  II. 
Mathematics,  II. 
Physiography,  II. 
Industrials,  II. 

History,  III. 
English,  III. 
Mathematics,  III. 
Physiology,  I. 
Industrials,  III. 

FRESHMAN  YEAR. 


Physics,  I. 

Physics,  II. 

Physics,  III. 

Mathematics,  \\. 

Mathematics,  V. 

Mathematics,  VI, 

Drawing,  I,  4. 

Drawing,  II,  4. 

Drawing,  III,  4. 

German,  I. 

German,  II. 

German,  III. 

Botany,  I,  4. 

Botany,  II,  4. 

Botany,  III,  4. 

English,  VII,  i. 

English,  VUI,  i. 

English,  IX,   i. 

SOPHOMORE   YEAR. 

Zoology,  I. 
Cerman,  IV. 
Chemistry,  I. 
English,  XIII, 
Agriculture,  I, 

3- 
2. 

Zoology,  II. 
German,  V. 
Chemistry,  II. 
English,  XIV,  3. 
Agriculture,  II,  2. 

Zoology,  III. 
German,  VI. 
Chemistry,  III. 
English,  XV,  3. 
Agriculture,  III,  2. 

JUNIOR  YEAR. 


"Geology,  I. 
Entomology,  I,  3. 
Philosophy,  I. 
Agriculture,  IV,  2. 
Chemistry,  VII. 

Geology,  11. 
Entomology,  II,  3. 
Horticulture,  I. 
Agriculture,  V,  2. 
Chemistry,   XI. 

(ieology.  III. 
Horticulture,  II,  3. 
Mathematics,  IX. 
Agriculture,  VI,  2. 
Meteorology,  I,  2. 
Irrigation,  I,  3. 

SENIOR  YEAR. 


Political  Science,  IV. 
English,  XIX,  1. 
tiective,  10  hours. 


English,  XX,  i. 
Elective,  15  hours. 


English,  XXI,  i. 
Elective,  15  hours. 
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MECHANIOAL  COURSE. 

For  explanation  of  the  Koman  numerals,  see  depaitniental  stntements  on  preceding  pages. 
The  Arabic  numerals  indicate  number  of  hours  a  week  Where  no  numeral  appears,  5  15  under- 
stood. Two  hours  of  laboratory,  shop,  or  field  work  are  counted  as  equivalent  to  one  hour  of 
recitation  or  lecture. 

PREPARATORY  YEAR. 


FALL   TKRM. 


Historv,  I. 
English,  I. 
Mathematics,  I. 
Drawing,   I. 
Industrials,  I. 


WINTKR    TKRM. 


I 


History,  II. 
English,  II. 
Mathematics,  II. 
Dravvin^g,  II. 
Industrials,  TI. 


SPRING    TKRM. 


History,  III. 
English,  III. 
Mathematics,  III. 
Drawing,  III. 
Industrials,  III. 


FRESHMAN  YEAR. 


Physics,  I. 
Mathematics,  IV. 
Drawing,  IV. 
French,  I,  or  German,  I. 
Industrials,  IV. 


Physics,  II.  I  Physics,  III. 

Mathematics,  V.  j  Mathematics,  VI. 

Drawing,   V,  3.  '  Drawing,  VI,  3. 

Mechanics,  I,  2.  |  Mechanics,  II,  2. 

French.  II,  or  German, II  P'rench,III,orGernian  III 


Industrials,  V. 


Industrials,  VI. 


SOPHOMORE  YEAR. 


Drawing,  VII. 

Drawing,  VIII. 

Drawing,  IX. 

French, I  V,or  German, TV. 

French,  V,  or  German,  V 

French,  VI, orGerman,V'I 

Chemistry,  I. 

Chemistry,  II. 

Chemistry,  III. 

Mathematics,  VII. 

Mathematics,  VIII. 

Mathematics,  IX. 

Industrials,  VII. 

Industrials,  VIII. 

Industrials,  XII. 

English,  VIi;  I. 

English,  VIII,  i. 

English,  IX,  i. 

JUNIOR  YEAR. 


Mechanics,  III. 

Mechanics,  IV. 

Chemistry,  XII. 

Mathematics,  X. 

Mathertiatics,  XI. 

Mathematics,  XII. 

Physics,  IV. 

Physics,  V. 

Physics,  VI. 

Drawing,  X. 

Drawing,  XI. 

Drawing,  XII. 

Industrials,  X. 

Industrial,  XI. 

Industrials,  XII. 

English,  X,  i. 

English,  XI,   i. 

English,  XIT,  I. 

SENIOR  YEAR. 


Political  Science,  IV. 
Mechanics,  V. 
Mechanics,  VI. 
Drawing,  XIII. 
English,  XIX,  I. 
Industrials,  XIII. 


Mechanics,  VII. 
Mechanics,   VIII. 
Drawing,  XIV. 
English,  XX,  i. 
Industrials,  XIV. 


Mechanics,  IX. 
Mechanics,  X. 
Thesis. 

English,  XXI,  I. 
Industrials,  XV. 


UNIVERSITY  OF  WYOMING, 

LARAMIE,   WYOMING.. 


BEPOBT  OF  THE  PRESIDENT  of  said  institation  to  the  Sec- 
retary  of  the  Interior  and  the  Secretary  of  Agiicnlture,  as 
required  by  act  of  Congress  of  August  30,  1800,  in  aid  of 
Colleges  of  Agriculture  and  the  Mechanic  Arts. 


RECEIPTS  FOR  AND  DURING  THE  YEAR  ENDING  JUNE 

30,  1898. 

1.  Balance  on  hand  July  1,  1897,  over  and  above  M  indebt- 
edness (excluding  funded  debt,  if  any)  |  7,680  01 

2.  State  aid;  (a)  Income  from  endowment  granted  by  state 

(b)  Appropriation  for  current  expenses 8,076  69 

(c)  Appropriations  for  building  or  for  other 

special  purposes    

3.  Federal  aid;   (a)  Income  from  land  grant,  act  of  July 

2, 1862 : . 

(b)  Additional  endowment  act  of  August 

30,    1890    23,000  00. 

(c)  For   experiment    stations,    act    of 

March  2,  1887 15,000  00 

4.    Fees  and  all  other  sources  (fees,  $609.  96;    sales, 

556.77)    1,166  73 


Total $54,923  43 
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EXPENDITURES  FOR  AND  DURING  THE  YEAR  ENDED 

JUNE  30,  1898. 
(Not  necessarily  a  balance  sheet  as  compared  with  Division  II.  above.) 

1.  Instruction  in  the  subjects  specified  in  sec.  1,  act  of  Au- 
gust 30,  1890* >  .121,017  45 

2.  Instruction  in  all  other  subjects,  if  any,  not  mentioned 

in  Question  1  of  this  series 3,200  00 

3.  Administrative    expenses     (President's,      Secretary's 
Treasurer's,  Librarian's  salary,  clerical  service,  fuel, 

light,  etc.)t 2,200  00 

4.  Experiment  Station 15,556  77 

Total   141,974  22 

PROPERTY,  YEAR  ENDED  JUNE  30,  1898. 
Value  of  all  buildings,  $102,000;  of  other  equipment,  |45,000. 
Value  of  above  property  (an  estimate  only  is  expected)  not  used  for 

instruction  in  the  subjects  specified  in  section  1  of  act  of  August 

30,  1890,  Buildings,  all  used;  of  other  equipment,  $15,000. 
Total  number  of  acres,  356;    acres  under  cultivation,  180;    acres 

used  for  experiments,  180;    value  of  farm  lands,  $9,540;    amount 

of  all  endowment  funds,  none. 
Number  of  bound  volumes,  June  30,  1898,  5,750;    pamphlets,  4,000. 

FACULTY  DURING  THE  YEAR  ENDED  JUNE  30,  1898. 

1.  College  of  Agriculture  and  Mechanic  Arts; 

Male.    Female. 

(a)  Preparatory  classes 9  2 

(b)  Collegiate  and  special  classes 9  2 

(c)  Total,  counting  none  twice 9  2 

2.  Number  in  all  other  departments  (excepting  dupli- 
cates)     2  1 

3.  Number  of  staff  of  Experiment  Station 6  1 


♦The  answer  to  this  qucMlon  will  include  not  only  the  amount  received  under  the  act  of 
Auetist  30.  1?^0  ^"Morrill  Act"),  but  also  all  amounts  th  a  are  expcnJed  for  the  subjects  speci- 
fied in  ftiat  act.  irrespective  of  the  character  of  the  funds  the  amounts  may  be  drawn  from  (State, 
tuition  fees,  or  endowment,  etc.) 

tit  may  be  convenient  for  many  institutions  to  answer  2  and  3  as  one  question.     Cost  o 
new  buildings  is  given  under  Division.  I. 
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STUDENTS  DURING  THE  YEAR  ENDED  JUNE  30,  1898. 

1.  Colleges  of  Agriculture  and  Mechanic  Arts: 

Male.  Female. 

(a)  Preparatory  classes 6  0 

(b)'  Collegiate  and  special  classes 12  1 

(c)  Post  Graduate  courses   0  0 

Total,  counting  none  twice 18  1 

2.  Number  in  all  other  departments 70  96 

3.  Number  of  students  that  pursued  courses  in  agriculture,  3;  me- 
chanical engineering,  16;  electrical  engineering,  0;  mining  en- 
gineering, 14;  architecture,  0;  household  economy,  0;  veter- 
inary science,  0;  military  tactics,  77.  (It  is  not  expected  that 
the  sum  of  these  figures  will  equal  the  number  of  students  given 
above.) 

4.  What  degrees  and  how  many  of  each  kind  were  conferred  in  1897- 
'98? 

On  men,  6  (M.  A.,  1;    B.  A.,  3;    B.  S.,  1;    B.  Ped.,  1.) 
On  women,  6  (B.  A.,  3;     B.  Ped.,  3.)  * 

5.  What  and  how  many  honorary  degrees  were  conferred  in  1897-'98  ? 
None. 

[Signed]     ELMER  E.  SMILEY, 

President,  (after  July  1,  1898.) 
FRANK  PIERREPONT  GRAVES, 

President  (until  July  1,  1898.) 
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WYOMING  EXPERIMENT  STATION, 

LARAMIE,  WYOMING. 

For  the  Fiscal  Year  1 897-98. 
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UNIVERSITY  OF  WYOMING. 


BOARD  OF  TRUSTEES. 

Hon.  OTTO  GRAMM,  President,  lAramie 1908 

GRACE  RAYMOND  HEBARD,  B.  S.,  Ph.  D.,  Secretary,  Cheyenne.  190S 

HENRY  L.  STEVENS,  B.  S.,  M.  D.,  Laramie 190S 

Hon.  TIMOTHY  F.  BURKE,  LL.  B.,  Vice  President,  Cheyenne..  1901 

Hon.  JOHN  C.  DAVIS,  Treasurer,  Rawlins 1901 

Hon.  CARROLL  H.  PARMELEE.  M.  A.,  LL.  B.,  Buflaio 1901 

Hon.  MELVILLE  C.  BROWN,  Laramie 1899 

Prof.  JAMES  O.  CHURCHILL.  M.  A.,  Cheyenne 1899 

Hon.  JAMES  A.  McAVOY,  Lander 1899 

State  Supt.  of  Public  Instruction  ESTELLE  REEL Ex-Offlclo 

President  FRANK  PIBRREPONT  GRAVES,  Ph.  D.,  LU  D.Ex-Offldo 
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M.  C.  BROWN Laramie 
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Station  Council. 

F.  P.  GRAVES,  Ph.  D.,  LL.  D Director 

B.  C.  BUFFUM,  M.  S.,  Vice  Director,  Agriculturist  and  Horticulturist 

A.  NELSON,  M.  S.,  A.  M Botanist 

E.  E.  SLOSSON,  M.  S Chemist 

W.  C.  KNIGHT,  A.  M Geologist 

C.  B.  RIDGAWAY,  A.  M Physicist  and  Meteorologist 

G.  R.  HEBARD,  A.  M.,  Ph.  D Secretary 


Superintendents. 

J.  F.  LEWIS Sheridan  Experiment  Farm 

J.  S.  MEYER Lander  Experiment  Farm 

W.  H.  FAIRFIELD,  B.  S Wyoming  University  Experiment  Farm 


EIGHTH  ANNUAL  REPORT 


.    .    .    OK   THE    .    .    . 


yiOIQie  AGMCETDBAL  iXFEBMNT  STATION 


I  hereby  submit  the  eighth  annual  report  for  the  Wyo- 
ming ^Agricultural  Experiment  Station  in  compliance  with 
congressional  enactment.  The  report  covers  the  work  of 
the  Station  during  the  fiscal  year  ending  June  30,  1898. 

ORIGIN  AND  PURPOSE. 

Tlie  Wyoming  Agricultural  Experiment  Station  is  the 
dex)artnient  of  research  of  the  College  of  Agriculture  of 
the  University  of  Wyoming.  Congress  in  1887  appropri- 
ated $15,000  annually  for  this  purpose,  and  on  January  10, 
^  1891,  the  Wyoming  Legislature  authorized  the  University 
of  Wyoming  to  receive  this  appropriation.  The  work  of 
the  Station  is  to  aid  in  the  acquiring  and  diffusing  among 
the  people  of  the  United  States,  and  especially  of  Wyoming, 
useful  and  practical  information  on  subjects  connected  with 
agriculture,  to  conduct  scientific  investigations  and  exper- 
iments on  the  physiology  of  plants  and  animals;  to  inves- 
tigate animal  and  vegetable  diseases  and  parasites;  to 
chemieallyanalyze  soils  and  water  and  vegetable  and  animal 
products;  to  acclimate  grains  and  grasses,  fruits  and  vege- 
tables, to  our  arid  climate  arid  high  altitude;  to  ascertain 
the  best  methods  of  irrigation,  and  of  retaining  the  moisture 
in  the  soil;  to  find  the  best  breeds  of  stock,  and  the  best 
varieties  of  field  and  garden  crops  for  the  various  portions 
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of  Wyoming;  and  to  carry  on  any  other  experiments  which 
promise  to  benefit  our  agricultural  and  grazing  interests. 
The  results  of  these  experiments  are  published  in  the  Station 
Bulletins,  which  are  sent  free  upon  request  to  residents  of 
this  State. 

The  published  results  of  the  Station  for  1897-98  an 
comprehended  in  four  bulletins,  which  are  appended  in  full 
to  this  report.  All  these  bulletins,  particularly  that  on 
fruit  growing,  have  aroused  much  interest  and  have  had  a 
wide  circulation  both  in  and  out  of  Wyoming.  The  title  and 
brief  summary  of  each  bulletin  is  given  below. 

NO.  34.     FBUIT  OBOWINa  IN  WTOMING. 

This  is  an  extensive  report,  giving  the  result's  of  the 
experiments  with  fruit  carried  on  at  the  Home  Station  and 
the  five  sub-stations  during  the  last  five  years,  together  with 
the  statements  of  the  restilts  of  nearly  all  the  fruitgrowers 
in  the  state.  In  the  conclusion  a  list  of  varieties  is  given, 
which  are  apparently  best  adapted  to  the  conditions  in  Wyo- 
ming. 

NO.  35.  MEOHANICAL  ANALYSIS  AND  WATEB  CONTENT 

OF  WYOMING  SOILS. 

This  is  a  bulletin  of  thirty  pages,  giving  the  results  of 
a  mechanical  analysis  of  some  typical  soils  of  the  State  and 
a  comparison  of  them  with  typical  soils  from  the  humid 
regions.  It  also  gives  the  moisture  content  of  the  soil  of 
the  Laramie  Experiment  Farm  during  the  growing  season. 
It  contains  a  comparison  of  the  greatest  yields  of  the  com- 
mon farm  crops  at  the  various  farms  where  the  soil  was 
obtained. 

NO.  36.    SUOAB  BEETS  IN  WYOMINO. 

This  bulletin  treats  the  sugar  beet  problem  of  Wyoming 
in  a  concise  manner.  It  reports  the  results  of  the  experi- 
ments at  the  Home  Station  and  the  sub-stations,  and  the 
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results  of  the  co-operative  tests  among  farmers  since  the 
establishment  of  the  Station.  It  deals  with  the  importance 
of  the  sugar  beet  industry,  the  process  of  manufacture,  the 
prices  paid  for  beets,  the  requirements  of  a  sugar  factory, 
the  location  in  Wyoming,  the  literature  of  the  subject,  and 
the  method  of  cultivation. 

NO.  37.  THE  STOOLING  OF  GBAINS. 
This  bulletin  reports  a  co-operative  experiment,  car- 
ried on  with  grain  planted  at  different  distances  apart  and 
at  different  rates  of  seed  to  an  acre.  The  effects  of  different 
amounts  of  seed  at  various  altitudes  are  compared.  The 
relative  production  of  wiieat,  oats,  and  barley  is  treated. 

IBBiaATION  PBOBLEMS. 

The  idea  has  been  growing  for  some  time  upon  the  Sta- 
tion that  its  experiments  were  spread  over  too  wide  a  field 
and  that  co-operation  was  not  sufficiently  practised  among 
its  members.  A  proposal  to  concentrate  the  work  of  the 
Station  on  problems  involved  in  irrigation  was  made  April 
7th  by  the  Chemist,  Prof.  E.  E.  Slosson,  and  supported  by 
the  folowing  outline  of  work  already  done  and  of  sugges- 
tions for  the  future. 
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OUTLINE. 

The  Experiment  Stations  are  organized  to  study  one 
single  subject  and  that  is  the  growth  of  useful  plants.  Be- 
cause conditions  controlling  plant  life  are  so  different  in 
different  parts  of  the  country  it  is  necessary  that  stations 
should  be  established  in  as  many  localities  as  possible  so 
that  agriculture  under  various  circumstances  could  be  ex- 
perimented upon.  The  problems  to  be  solved  by  each  station 
are  therefore  primarily  those  peculiar  to  its  station.  The 
district  surrounding  the  Wyoming  station  is  arid,  that  is^ 
there  is  not  a  suflBcient  amount  of  water  in  the  soil  to  supply 
growing  plants.  The  study  of  the  cause  and  cure  of  arid- 
ity is,  then,  the  problem  set  by  nature  to  be  solved  by  the 
Wyoming  Experiment  Station  and  is  stated  as  such  in  the 
first  bulletin  on  the  Organization  and  Proposed  Work  of 
the  Station.  The  aridity  of  Wyoming  is  due  to  two  causes; 
first,  the  high  altitude  which  causes  excessive  evaporation, 
second  insufficient  precipitation.  It  can,  therefore,  be  rem- 
edied in  two  ways,  by  adding  more  water  to  the  soil  or  by 
keeping  what  water  there  is.  Evaporation  occurs  from  two 
surfaces,  from  the  soil  and  from  the  plants.  Methods  of 
cultivation  which  check  evaporation  from  the  soil  have 
been  devised  and  tried  in  a  practical  way  by  the  Agricultur- 
ist. Some  original  experiments  made  by  the  Botanist  on 
the  influence  of  altitude  on  the  loss  of  water  by  transpira- 
tion resulted  in  the  discovery  that  the  winter-killing  of  trees 
was  largely  due  to  this  excessive  evaporation,  and  this  fact 
has  since  been  generally  accepted  and  published  by  phys- 
iological botanists.    (Bulletin  No.  15). 

Aridity  might  be  remedied  according  to  the  second 
method,  that  of  adding  water,  in  two  conceivable  ways: 
increasing  the  rainfall  and  irrigation.    No  experiments  on 
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increasing  the  rainfall  have  been  carried  out  by  the  station. 
Prank  Melbome  and  the  generous  citizens  of  Cheyenne 
have  attended  to  that  matter  for  themselves  and  the  station 
belieyes  that  it  is  best  to  leave  this  line  of  experimentation 
to  private  initiative.  Before  artificial  addition  of  water 
can  be  properly  discussed,  it  is  necessary  to  know  just  how 
much  water  is  supplied  to  us  by  nature  and  how  much  is 
lost  by  evaporation.  Consequently  continuous  observations 
on  precipitation  and  evaporation  have  been  made  at  Lara- 
mie and  elsewhere,  and  five  bulletins  (So,  4,  No.  10,  No. 
16,  No.  17,  No.  24.)  on  the  subject  have  been  published  by  the 
meteorologists  of  the  station.  For  irrigation  there  are 
three  sources  of  water  available,  artesian  wells,  reservoirs, 
and  streams.  A  bulletin  on  Artesian  Wells  in  Southern 
Wyoming  was  published  in  1894  and  a  bulletin  locating  all 
the  important  artesian  basins  of  the  State  is  now  in  prepara- 
tion by  the  Geologist.  The  selections  of  suitable  sites  for 
storage  reservoirs  is  being  made  by  the  government.  The 
gnaging  of  streams  and  allotment  of  water  is  done  by  thc^ 
State.  The  station  can  therefore  devote  its  entire  atten- 
tion principally  to  the  agricultural  part  of  the  question. 

Where  watering  is  done  by  rain,  pure  water  is  added  to 
the  soil  and  drained  off  underneath  carrying  with  it  the 
soluble  salts  of  the  soil  In  watering  by  irrigation  water 
containing  salts  is  added  to  the  soil  and  pure  water  evap- 
orated from  the  surface.  In  this  way  soluble  salts,  com- 
nionly  known  as  alkali,  are  constantly  being  added  to  the 
soil  and  accumulated  at  the  surface.  This  in  time  ruins  the 
land,  so  the  alkali  question  becomes  an  important  part  of 
the  irrigation  problem. 

When  the  station  was  established,  obviously  the  first 
thing  was  to  find  out  how  much  alkali  there  was  in  the  soil 
8nd  how  much  was  being  added  to  it  by.  irrigation.  This 
was  determined  bv  analvsis  of  the  soil  of  the  farms  bv  the 
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Chemist  (Bulletin  No.  6).  Analysis  of  as  many  different 
samples  of  alkali  as  could  be  procured  have  been  made  by 
the  Chemist  but  are  not  yet  published.  To  determine  how 
much  alkali  was  being  added  by  irrigation  required  the 
knowledge  of  the  amount  and  composition  of  the  water 
used  in  irrigation  and  the  amount  and  composition  ofdrain- 
age  water.  The  first  two  points  were  determined  by  the  hor- 
ticulturist by  measuring  the  water  at  entering  and  waste 
weirs  and  by  the  chemist  who  analyzed  the  water  at  thess 
two  points.  (Bulletins  No.  8  and  24).  The  drainage  ques- 
tion has  not  been  attacked.  Neither  has  the  evaporation 
from  the  surface  of  soil  containing  alkali  been  determined. 

Since  the  injury  to  plant  life  is  not  proportional  to  the 
total  amount  of  alkali  in  the  soil  but  rather  to  the  concen- 
tration of  the  solution  of  alkali  it  becomes  necessary  to  de- 
termine the  amount  of  water  present  in  the  soil.  This  has 
been  done  by  the  physicist.  (Bulletin  No.  31).  The  same 
bulletin  gives  also  the  size  of  the  soil  particles,  a  necessary 
preliminary  to  working  out  their  number  and  the  water 
and  air  space  between  them.  Two  bulletins  have  been  pub- 
lished on  the  source  of  alkali  in  the  experiment  farms  by 
the  geologists  of  the  station.  (Bulletins  No.  6  and  14).  One 
bulletin  has  been  issued  by  the  director  (No.  18)  on  the 
Reclamation  of  Arid  Lands.  The  flora  of  the  State  has 
been  studied  with  special  reference  to  the  plants  growing 
in  desert  regions.  (First  Report  of  Flora  of  Wyoming,  Bul- 
letin No.  28  and  Bulletin  No.  15  by  horticulturist).  A  large 
amount  of  practical  w'ork  has  been  done  on  vraious  methods 
of  irrigation  and  prevention  of  the  rise  of  alkali  on  the  six 
farms  of  the  state.    (Bulletins  No.  11,  17,  22,  and  25). 

It  seems  now  that  we  have  pretty  thoroughly  cleared  up 
the  preliminary  and  routine  work,  and  now  have  the  choice 
before  us  of  whether  w^e  shall  turn  attention  to  other  lines 
of  w^ork  or  whether  we  shall  attack  the  numerous  unsolved 
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problems  connected  with  irrigation  and  the  effect  of  alkali. 

* 

It  seems  to  me  that  since  the  State  makes  comparatively  few 
calls  on  us  for  practical  information  we  can  afford  to  de- 
vote a  large  part  of  our  time  to  purely  scientific  research. 
1,  therefore,  move  the  previous  question  first  put  before 
us  in  1891,  and  propose  that  we  unitedly  and  persistently 
attack  this  group  of  problems. 

In  making  suggestions  to  other  departments  as  to  new 
lines  of  work  I  am  aware  I  am  running  a  risk  of  being  re- 
garded as  impertinent  and  presuming,  and  shall  ask  you 
to  mimimise  the  odium  of  this  position  by  considering  them 
as  suggestions  only  and  by  making  others  in  return.  Of 
course  most  of  these  plans  are  not  original  with  me  and  on 
some  of  them  we  have  already  done  considerable  work.  The 
origin  of  alkali  is  entirely  unknown;  none  of  the  theories 
seem  to  be  satisfactory.  Since  we  have  here  beds  of  quite 
pare  salts  of  sodium  and  magnesium  acres  in  extent  and 
several  feet  in  depth  we  have  the  best  possible  opportunity 
to  throw  new  light  on  this  subject.  The  geologist  is  already 
working  on  this.  The  practical  difficulties  in  the  manipu- 
lation of  the  soil  under  irrigation  are  well  known.  Very 
little  is  known,  however,  as  to  the  cause  of  the  peculiarities 
of  irrigated  soil,  and  it  is  very  likely  that  effective  remedi<»s 
for  the  rise  of  alkali,  puddling,  etc.,  will  not  be  found  until 
pure  scientific  research  has  shown  what  are  the  movements 
of  air  and  water  in  the  soil  and  how  the  presence  of  soluble 
salts  effects  the  sojl  texture.  This  of  course  leads  into  the 
mysterious  realm  of  "molecular  physics,"  where  so  much 
brilliant  work  is  now  being  done  but  where  so  much  remains 
undone.  The  movement  of  water  in  soil  under  irrigation 
is  a  physical  one  but  the  chemist  has  for  two  years  made 
determinations  of  the  amount  and  character  of  the  alkali 
at  different  depths.  The  work  will  be  continued  another 
season  before  publication. 

-(d) 
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The  fundamental  problem  of  irrijijation  is  undoubte<Jly 
the  effect  of  deficient  moisture  and  excess  of  soluble  salts 
on  plants,  where  least  has  been  done  because  of  the  immense 

difficulties  in  the  way. 

•/ 

If  this  station  could  contribute  to  the  solution  of  any 
of  these  problems,  it  would  be  of  more  value  to  the  practi- 
cal agriculture  of  this  rep^ion  than  rears  of  routine  work. 

E.  E.  SLOSSOX. 

PLANS  OP  STATION  WORK  POB  1898. 
The  following  plans  for  the  season  of  1898  have  been 
well  started.  It  will  be  seen  that  most  of  them  look  to  car- 
rying out  the  new  policy  of  the  station.  They  were  recom- 
mended by  the  Station  Council  and  approved  by  the  Agri- 
cultural Committee  of  the  Board  of  Trustees. 

THE  AQBIOULTUBIST  AND  HOBTIOULTURIST. 

1.  Soil  Investigations. 

(1)  Permanent  Soil  Work. 

(2)  Continuing  Sub-Soil  Experiment  (third  season). 

2.  Small  Grains  (Study  of  varieties). 

3.  Forage  Crops  (Cultivated  and  Native.    Co-operation 

with  the  Department  of  Agriculture). 

4.  Alkali  Investigation. 

5.  Irrigation  Investigations  (Co-operative  with  State 

Engineer  and  the  Department  of  Agriculture). 

6.  Additional  fruit  tests  on  a  small  scale. 

7     Fertilizer  Experiment — Potatoes  with  Potash, 

8.  Sugar  Beets  (Co-operative  tests). 

9.  Asparagus  on  heavy  and  light  alkali  soil. 

10.  Celerv — varied  treatment. 

11.  Forestry — Study  of  cultivated,  shade,  and  forest 

trees  and  Co-operation  with  the*  Division  of 

Forestrv. 

12.  Floriculture  for  Decoration. 
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THE  BOTANIST. 

1.  The  continuation  of  the  field  work  and  acrnmiilation 

of  data  upon  the  subjecti^  heretofore  under- 
taken but  as  yet  not  <*ompleted.  (As  j^iven 
for  1897). 

2.  A  co-operative  study  of  alkali  in  its  relation  to  plant 

life. 
(1)    The  comparative  structure  of  alkali  resistent 
and  non-resistent  vegetation. 

(a)  External  characteristics. 

(b)  Histology  of. 

3.  Experiments  with  promising  forage  plants. 

(1)  For  normal  soils. 

(2)  For  alkali  soils. 

^  THE  CHEMIST. 

1.  Effect  of  alkali  on  germination  of  seeds. 

2.  Analysis  of  soils  and  alkali. 

3.  Analysis  of  alkali-resisting  plants. 

4.  Analysis  of  sugar  beets. 

0.  Extraction  of  soluble  salts  from  rocks. 

THE  QEOLOaiST. 

1.  rompletion  of  the  preliminary  bulletin  on  the  ar- 

tesian basins  of  the  state. 

2.  The  origin  of  alkali. 

(1)  The  geological  location  of  these  salts  and  their 
relation  to  the  various  terranes. 

(2)  The  way  alkali  finds  its  way  into  the  soils. 
(8)     Preventing  further  accumulation  if  possible. 

3.  Wind  erosion  and  its  relation  to  soil  formation  in 

the  arid  districts. 

4.  To  complete  the  preliminary  work  on  the  birds  of 

Wyoming  and  arrange  notes  for  publication. 
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THE  PHYSICIST. 

1.  Capillary  movementH  of  water  in  soils. 

2.  Relation  of  air  to  soils. 

3.  Puddling  of  soils. 

THE  METEOROLOGIST. 

1.  Continuation  of  the  work  of  making  observations 

and  co-operating  with  the  State  and  United 
States  ^^'eather  Service. 

2.  Observations  on  the  precipitation  from  as  man; 

places  in  the  State  as  possible. 

3.  Observations  ujmn  the  direction  and  force  of  the 

air  currents  at  Laramie. 

4.  Study  of  terrestrial  radiation  and  sunshine. 
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Report  of  Station  Council. 


BEPOBT  OF  THE  DIBECTOB. 

By  advice  of  the  Office  of  the  Experiment  Stationn  no  ap- 
propriations have  been  made  for  the  sub-farms  this  year, 
except  a  small  amonnt  granted  during  the  first  six  months 
to  Lander  and  Sheridan.  The  sub-farms  have  not  been  reg- 
ularly abandoned  and  it  is  hoped  that  the  next  legislature 
will  find  some  means  of  conducting  them  with  state  funds. 
If thiscannot  be  done,  the  fanns  that  do  not  from  their  deeds 
revert  to  the  donors  will  be  used  for  co-operative*  experi- 
ments with  the  station. 

The  Whecatland  and  Saratoga  farms  will  probably  re- 
vert without  further  action.  The  Saratoga  farm  has  never 
been  of  great  service  and  the  Wheatland  farm  has  com- 
pleted its  usefulness  by  demonstrating  that  nearly  every- 
thing grows  well  in  that  portion  of  the  state. 

The  sub-farms  at  Lander  and  Sheridan  have  been 
splendidly  conducted  under  superintendents  J.  S.  Meyer  and 
J.  F.  Lewis  respectively.  The  thanks  of  the  station  are  due 
them  for  long  and  faithful  service  .  The  Landc^r  farm  has 
been  rented  to  Mr.  Meyer  for  a  small  consideration,  with 
the  added  agreement  that  he  care  for  the  property,  main- 
tain the  fruit  orchard,  carry  out  a  co-operative  experiment 
with  sugar  beets,  and  make  regular  reports  to  the  Station 

The  Sheridan  farm,  with  the  exception  of  the  horses 
and  wagon,  which  were  sold,  was  leased  to  Mr.  George  O. 
Shetler  in  consideration  of  his  taking  care  of  the  propei-ty, 
making  regular  reports  on  the  fruit  trees,  the  weather  ob- 
servations, and  other  matters,  and  of  his  co-operating  in 
the  sugar  beet  experiment.  The  general  appearance  of  the 
farm  under  his  administration  thus  far  is  excellent  and  the 


54  Wyoming  Experiment  Station, 

Director  has  every  reason  to  believe  Mr.  Shetler  a  thorough- 
\y  reliable  man. 

Nothing  has  beeen  done  with  the  farm  at  Sundance, 
as  it  was  impossible  to  rent  it  satisfactorily.  Hon.  A.  E. 
Hoyt,  the  former  superintendent,  has  agreed  to  care  for 
the  property  until  definite  arrangements  with  regard  to  it 
are  made.  Some  of  the  implements  and  machines  have  been 
sold. 

The  suspension  of  appropriations  for  the  sub-farms 
and  the  sale  of  a  ])ortion  of  the  equipment  has  made  pos- 
sible some  improvements  upon  the  Station.  The  Laramie 
farm  has  been  greatly  improved  in  appearance  and  effi- 
ciency. A  dwelling  house  with  two  stories  has  been  nearly 
completed  and  will  enable  a  superintendent  to  live  there 
comfortablv.  A  shed  for  the  accommodation  of  teams  has 
been  built,  which  can  be  hiade  a  part  of  a  larger  structure. 
It  is  hoped  that  it  will  be  jiossible  to  erect  an  adequate 
barn  within  a  year  or  two,  but  until  that  time  it  has  seemed 
best  to  use  the  shed  rather  than  to  construct  a  small  barn 
that  would  be  an  eve-sore  and  have  to  be  torn  down  before 
building  again. 

An  artesian  well  has  been  sunk,  in  the  hope  of  obtain- 
ing a  permanent  water  supply,  but  the  water  which  has 
ai)peared  is  alkaline.  It  is  believed  that  by  lowering  the 
pump  and  shutting  off  the  upper  streams  of  water,  and 
adding  a  windmill  and  tank,  good  water  will  be  obtained. 

To  the  general  equipment  has  been  added  a  Deering 

m 

pony  binder,  a  disc  harrow,  and  a  Fairbanks  wagon  scales. 

On  the  college  campus,  as  noticed  elsewhere,  a  large 
wing  has  been  built  on  the  greenhouse  and  fitted  with  steam 
pipes.  Nearly  2(),()()0  plants  have  been  grown  hei'e  during 
the  winter. 

The  Director  has  inspected  the  subfarms,  and  the  Viee 
Director  in  company  with  Dr.  E.  W.  Allen,  visited  the  sub- 
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station  at  Lander.  In  Jul;v'  the  Director  and  Vice  Director 
were  sent  to  Minneapolis  to  the  convention  of  the  Associa- 
tionof  American  Agricultural  Colleges  and  Experiment  Sta- 
tions. This  opportunity  to  come  into  the  atmosphere  of  the 
best  thought  on  the  subject  of  agricultural  science  was 
refreshing  and  inspiring  and  will  be  of  the  greatest  benefit 
to  both  delegates. 

REPORT  OF  THE  AGBIOULTURIST  AND  HORTICULTURIST. 

The  bulletins  issued  from  this  department  during  the 
last  fiscal  year  were  No.  34,  "Fruit  Growing  in  Wyoming" 
and  No.  37,  "The  Stooling  of  Grains."  My  assistant,  Mr. 
Fairfield  has  carried  out  another  valuable  alkali  experi- 
ment, in  which  some  new  discoveries  have  been  made.  The 
data  obtained  in  this  experiment  will  be  ready  for  publi- 
cation by  the  first  of  Julv. 

Last  season's  experimental  work  was  carried  out  as 
planned,  something  being  done  along  each  line  of  investiga- 
tion with  the  exception  of  measurements  of  irrigation  water 
at  Sheridan.  On  account  of  the  lack  of  funds  for  that  sub^ 
station  and  the  large  amount  of  other  work  a  water  reg- 
ister was  not  sent  to  Sheridan  for  this  purpose. 

The  experiment  in  the*  stool ing  of  grains  at  different 
altitudes  was  finished  and  reported.  The  investigations 
being  carried  on  this  season  according  to  the  plans  are  well 
under  way. 

The  department  library  has  received,  in  addition  to  th« 
current  works  on  agriculture,  horticulture,  and  entomology, 
two  important  additions.  Through  the  Office  of  Experi- 
ment Stations,  Sir  Henry  Gilbert  presented  the  station 
with  a  full  set  of  the  "Rothamsted  Memoirs"  and  we  have 
obtained  a  set  of  the  proceedings  of  the  American  Pomo- 
logical  Societv,  back  to  1871. 

A  book  case  and  cabinet  in  which  to  store  photographs 
and  other  material  was  placed  in  the  office.    To  the  photo- 
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graphic  equipment  we  have  added  a  Zeiss  wide-angle  lens, 
and,  by  several  departments  clubbing  together,  an  enlarg- 
ing, reducing  and  copying  camera. 

In  addition  to  the  regular  investigations  of  the  station 
we  are  now  co-oi)erating  with  the  Divisions  of  the  Depart- 
ment of  Agriculture  and  State  Engineer  as  follows: 

In  grasses  and  forage  plants  with  the  Division  of 
Agrostology. 

In  sugar  beets,  seeds  and  plants,  with  the  Office  of  Ex- 
periment Stations. 

In  growing  forest  trees  with  the  Division  of  Forestry. 

In  notes  upon  injurious  insects  with  the  Division  of 
Entomology. 

In  irrigation  with  the  State  Engineer  and  the  Depart- 
ment of  Agriculture. 

So  far  as  we  could  without  interfering  with  our  own 
I)Ianting  we  have  aided  the  farmers  located  near  the  station 
by  loaning  to  them  various  tools  without  charge,  and  small 
amounts  of  seed  have  been  given  out  to  those  who  made 
requests  early. 

Irrigation  records  have  been  kept  upon  the  Experi- 
ment Farm  as  heretofore,  and  this  year  we  are  making* 
measurements  of  the  water  used  upon  the  farm  of  J.  W. 
Sigman,  sixteeen  miles  west  of  Laramie  under  the  Pioneer 
Canal. 

We  have  been  greatly  aided  in  the  work  of  the  depart- 
ment during  the  college  year  by  students.  The  stenographer 
and  typewriter  in  the  office  and  assistants  in  the  green- 
house have  been  of  especial  value.  Mr.  Fairfield  has  assis- 
ted faithfully  with  the  work.  Practically  all  the  detail  of 
the  farm  and  greenhouse  work  has  been  looked  after  by  him, 
and  in  addition  he  has  carried  out  the  alkali  experiment 
before  referred  to,  as  well  as  assisting  with  much  of  the 
routine  in  the  office. 
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REPORT  OF  THE  BOTANIST. 

The  work  of  the  year  has  beep  largely  a  continuance 
of  the  work  of  the  previous  year.  The  accumulation  of  data 
has  gone  forward  more  or  less  uninterruptedly  and  some  of 
the  questions  under  consideration,  it  is  hoped,  may  soon  be 
disposed  of  by  publication  or  otherwise.  Among  those  that 
are  being  considered  are  the  following:  The  native  par- 
asitic fungi;  the  edible  fungi;  the  native  ornamental  trees 
and  shrubs;   forests  and  forestry. 

A  work  that  always  requires  more  or  less  of  the  sta- 
tion botanist's  time  is  attention  to  the  weed  question  and  the 
diseases  of  plants.  Of  weeds  we  have  an  increasing  army 
which  indicates  that  here,  as  in  other  newly  settled  com- 
munities, the  first  comparative  freedom  from  troublesome 
foes  begets  an  indifference  that  cannot  be  overcome  until 
the  fields  are  foul  with  foreign  introductions.  From  plant 
diseases  we  are  remarkably  immune.  As  stated  in  former 
reports,  this  may  be  in  part  attiibuted  to  the  dryness  of  our 
climate.  With  the  exception  of  the  wheat  and  oat  smuts 
no  serious  loss  has  been  reported  from  any  fungus  disease 
whatever. 

One  of  the  most  important  undertakings  of  the  year 
was  the  study  of  **The  flora  of  the  Red  Desert  and  its  rela- 
tion to  the  stock  interests  of  the  State.''  This  was  begun 
under  the  direction  of  this  station  but  was  carried  to  com- 
pletion under  the  direction  of  the  Division  of  Agrostology 
r.  S.  Department  of  Agriculture.  It  involved  the  use  of  a 
large  part  of  the  last  summer  vacation  in  the  field,  and 
later  much  time  in  the  study  of  the  material  secured.  Upon 
this  work  there  has  been  prepared  an  exhaustive  report 
which  has  been  accepted  for  publication  as  a  bulletin  from 
the  Division  of  the  Department  of  Agriculture  before  men- 
tioned. This  report  is  now  in  the  hands  of  the  printer  and 
will  undoubtedly  soon  appear,  after  which  this  station  has 
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the  privilege  of  republishing  such  portions  of  it  aa  may  be 
deemed  advisable. 

Among  the  more  or  ?.e8s  co-operative  enterprises,  to 
which  this  department  has  contributed  its  mite,  may  be 
mentioned  the  following:  The  collection  of  certain  weed 
seeds  in  quantity  for  the  Division  of  IJotany,  U.  S.  Depart- 
ment of  Agriculture,  these  to  be  used  in  the  preparation  of 
sample  sets  of  the  important  weeds  of  the  United  States; 
a  brief  report  upon  the  genus  callamagrostia  and  the  con- 
tribution of  some  specimens  of  poisonous  plants,  to  the  same 
Division,  for  exhibition  at  the  Trans-Mississippi  Exposition; 
the  contribution  of  some  notes  upon  the  "sage  brushes"  of 
the  arid  districts  and  other  matters  of  like  character,  in- 
quiriesconcerning  which  are  frequently  received. 

The  correspondence  of  the  department,  of  course,  is  on 
the  increase,  owing  to  the  larger  number  of  inquiries  con- 
cerning Experiment  Station  matters  both  from  within  and 
from  without  the  state. 

The  herbarium  of  the  station  has  been  greatly 
strengthened  during  the  year  and  is  now  especially  rich  in 
specimens  of  grasses  and  other  forage  plants.  Among  the 
additions  during  the  year  must  be  noted  some  new  species 
of  grasses  and  salt-sages  that  give  promise  of  some  economic 
importance.  Some  of  these  are  being  grown  to  test  their 
value  as  forage  plants  on  strongly  saline  soils. 

REPORT  OF  THE  CHEMIST. 

The  time  of  this  department  has  been  almost  entirely 
devoted  to  the  alkali  problem  which  is  being  studied  in  two 
ways:  by  the  analysis  of  alkali  from  all  parts  of  the  state 
and  by  experiments  on  the  effect  of  alkali  on  the  germin- 
ation of  seeds.  Over  ninety  samples  of  alkali  soils  have 
been  collected  and  most  of  them  analyzed.  Some  interest- 
ing results  have  been  obtained  on  the  amount  of  water  ab- 
sorbed bv  seeds  of  different  kinds  from  solutions  of  various 
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salts  at  different  concentrations  but  the  work  will  be  con- 
tinued for  some  months  yet  before  publication.  The  compo- 
sition of  the  alkali-resisting  plants  of  the  state  will  be  stud- 
ied in  comparison  with  plants  of  the  same  genus  which  Will 
not  grow  in  alkali  soil. 

In  April,  Bulletin  No.  36  on  Wyoming  Sugar  Beets  was 
published,  giving  the  results  of  sugar  beet  culture  in  the 
State  for  seven  years  and  information  as  to  the  establishing 
of  factories. 

BEFOBT  OF  THE  GEOLOGIST. 

During  the  year  there  was  collected  considerable  data 
pertaining  to  the  various  lines  of  investigation.  I^he  fol- 
lowing work  is  under  way: 

The  Artesian  Basins  in  Wyoming. 

Wind  Erosion  and  its  Relation  to  Soil  Making  in  the 
Arid  Region. 

The  Origin  of  Alkali. 

The  Birds  of  Wyoming. 

EXPERIMENT    MATTERS. 

Last  summer  I  completed  my  survey  for  the  bulletin  on 
the  Artesian  Basin  in  Wyoming.  The  work  completed  was 
geological  sections  of  the  BigHorn  Mountains,  of  the  Big 
Horn  Basin  and  the  eastern  slope  of  the  Shoshone  Moun- 
tains and  a  section  of  Ferris  Mountains.  It  has  been  utterlv 
impossible,  owing  to  the  rush  of  work  to  make  the  geologi- 
cal maps  and  section  and  to  work  up  my  notes  for  the  bul- 
letin. It  will  be  quite  an  extensive  discussion  of  the  sub- 
ject and  will  take  not  less  than  forty  days  to  complete  it 
for  the  press.  I  have  also  taken  valuable  notes  in  wind 
erosion  at  all  points  visited  in  the  state. 

Since  the  station  has  concluded  to  take  up  the  subject 
of  alkali  and  to  work  out  all  the  problems  in  connection 
with  it  in  Wyoming,  I  have  been  assigned  the  subject  of  the 


6o  Wyoming  E.rperiment   fetation. 


Origin  of  Alkali.  I  realize  that  it  is  a  great  problem  to  un- 
dertake to  solve,  but  there  is  not  a  better  field  to  work  in 
than  Wyoming  to  accomplish  this  en^fl.  During  the  coming 
season  I  expect  to  add  some  valuable  data  pertaining  to 
this  subject. 

THE  BIRD  WORK. 

Last  summer  I  employed  Mr.  Gilmore  to  collect  bird 
skins  and  by  his  efforts  coupled  with  my  own  while  in  the 
field  the  collection  at  present  numbers  about  4(M)  specimens. 
A  great  many  of  these  are  new  to  the  State  and  have  not 
been  taken  in  the  Rocky  Mountains  before.  By  correspond- 
ing with  other  men  who  studied  the  birds  of  Wyoming  to 
some  extent,  I  have  a  complete  record  for  Wyoming  of  277 
species  and  varieties.  With  another  season's  work  the  list 
should  reach  at  least  300  species.  Resides  the  collection, 
valuable  notes  on  the  birds  have  been  kept  and  quite  a  col- 
lection of  birds'  eggs  and  nests  taken. 

REPORT  OF  THE  PHYSICIST, 

During  the  past  year  the  physical  analysis  of  some  of 
the  typical  soils  of  Wyoming  was  completed  and  the  results, 
together  with  the  determination  of  tlie  quantity  of  moist- 
ure in  the  soil  in  the  field  during  the  growing  season,  pub- 
lished in  bulletin  No.  35.  The  method  formerly  used  for  de- 
termining the  moisture  content  of  soils  has  proved  very 
unsatisfactory,  hence  we  hope  another  year  to  procure  and 
install  an  instrument  for  the  electrical  determination  of  the 
amount  of  salts  and  moisture  in  the  soil. 

The  following  are  some  of  the  physical  properlies  of 
the  soil  which  are  being  examined  as  raindly  as  circum- 
stances will  permit 

Capillary  movements  of  water  in  soils. 

Relation  of  air  to  soils. 

Puddling  of  soils. 
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BEPOBT  OF  THE  METEOBOLOQIST. 

The  work  of  the  meteorological  department  during 
the  past  year  has  been  similar  to  that  of  previous  years. 
Observations  have  been  taken  of  the  relative  humidity,  max- 
imum and  minimum  temperatures,  pressure  of  the  air,  rain- 
fall, snowfall,  velocity  and  direction  of  the  wind,  evapora- 
tion, percentage  of  sunshine,  and  temperature  of  the  soil 
at  various  depths.  A  self-registering  apparatus,  operated 
by  an  electric  battery,  is  used  in  recoMing  the  velocity  and 
direction  of  the  wind.  All  observations,  excepting  amount 
of  rainfall  and  snowfall,  are  taken  each  day  at  7  a.  m.  and 
7  p.  m. 

It  is  hoped  that  next  year  an  eletrometer  and  a  seismo- 
graph may  be  added  to  our  list  of  instruments,  and  that 
some  exi)eriments  may  be  made  with  scientific  kites. 
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TREASURER'S  REPORT. 

WYOMING  AGRICULTURAL  EXPERIMENT  STATION, 

Laramie,  Wyoming, 
In  Account  WUh 

THE    UNITED    STATES    APPROPRIATION,    1897-8. 

DR. 
To  Receipts  from  the  Treasurer  of  the  United 
States,  as  per  appropriation  for  the  fiscal  year 
ending  June  30,  1898,  as  per  Act  of  Congress 
approved  March  2,  1887 $15,000  00 

CR. 

By  Salaries  $3,778  33 

Labor    4,732  71 

Publications   1,147  87 

Postage  and  Stationery  668  02 

Freight  and  Express  189  06 

Heat,   Light  and  Water 1,064  41 

Chemical  Supplies   387  72 

Seeds,  Plants  and  Sundry  Supplies  337  33 

Feeding  Stuffs 150  65 

Library 114  75 

Tools,  Implements  and  Machinery 612  30 

Furniture  and   Fixtures    365  83 

Scientific  Apparatus 247  85 

Traveling   Expenses 531  92 

Contingent  Expenses   21  25 

Building  and  Repair  750  00 


$15,000  00 

We,  the  midersiffned,  duly  appointed  auditors  of  the 
Corporation,  do  hereby  certify  that  we  have  examined  the 
books  and  accounts  of  the  Wyoming  Agricultural  Experi- 
ment Station  for  the  fiscal  year  ending  Jufie  30,  189S;  that 
we  have  found  the  same  well  kept  and  classified  as  above, 
and  the  receipts  for  the  year  from  the  Treasurv  of  the 
Ignited  States  are  shown  to  have  been  fl5,000.00,  and  the 
corresponding  disbursements  |1 5,000.00,  for  all  of  which 
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proper  vouchers  are  on  file  and  have  been  by  us  exnnnned 
and  found  correct,  thus  leaving  no  balance  on  hand. 

And  we  further  certify  that  the  expenditures  have  been 
solely  for  the  purposes  set  forth  in  the  Act  of  Congress  ap- 
proved March  2,  1887. 

[Signed]     T.  F.  BURKE, 
[Seal]  J.  O.  CHURCHILL, 

H.  L.  STEVENS, 

Auditors. 
Attest: 

ORACLE  RAYMOND  HEBARD, 

Custodian. 

SUPPLEMENTARY  STATEMENT. 

DR. 
To  Receipts  from  sale  of  Farm  Products  and  Fees 

$556  77        $556  77 

CR. 

By  Heat.  Light  and  Water  218  40 

Building  and  Repair   338  37        $556  77 
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I 

I  B.   C.  BUFFUM. 


This  bulletin  is  issued  to  report  the  results  of  the  ex- 
periments  with  fruits  which  have  been  in  progress  upon  the 
experiment  farms  since  the  first  plantings  in  the  spring  of 
1892.  The  experiments  planned  were  practically  the  same 
for  each  of  the  experiment  farms,  although  the  plantings 
were  somewhat  less  extensive  upon  the  farms  where  the 
conditions  were  known  to  be  less  favorable.  The  fruit  in- 
vestigations have  been  given  varying  amounts  of  attention 
upon  each  farm.  This  has  been  due  to  several  causes,  among 
which  may  be  mentioned  the  more  or  less  favorable  condi- 
tions, the  newness  and  importance  of  other  agricultural  in- 
vestigations, local  accidents  to  small  fruits  or  orchards,  and 
the  personal  taste  of  each  superintendent.  Where  accidents 
occurred  to  destroy  a  strawberry  bed  or  part  of  an  orchard, 
and  lack  of  funds  prevented  replacing  them  at  once,  the  ex- 
periments were  delayed.  It  is  largely  due  to  this  fact  that  it 
is  imx>ossible  to  report  experiments  with  different  classes 
of  small  fruits  upon  some  of  the  farms.  The  length  of  time 
has  not  been  sufficient  since  planting  orchards  to  draw  defi- 
nite conclusions.  8ome  of  the  trees  are  beginning  to  bear 
fruit  and  indicate  in  a  general  way  what  may  be  expected  of 
tree  fruits.  Farmers  can  safely  plant  those  varieties  which 
have  fruited  in  their  section  of  the  state.  No  doubt  other  va» 
rieties  will  succeed,  but  until  they  have  been  tested,  planting 
will  be  a  matter  of  experiment. 
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Horticultural  operations  in  Wyoming  are  still  new. 
Therefore  up  to  the  present  time  we  have  merely  attempted 
to  demonstrate  whether  or  not  certain  fruits  could  be  raised 
in  the  different  sections  of  the  state.  We  believed  that  they 
could  be,  but  it  had  not  been  demonstrated.  Before  the 
Experiment  Station  was  established,  x)erhaps  half  a  dozen 
farmers  in  different  sections  had  some  fruit  planted.  In 
1892  the  most  liberal  estimates  from  different  counties 
placed  the  total  amount  of  land  in  the  state  planted  to  fruit 
at  less  than  85  acres,  and  there  was  probably  not  more  than 
half  that  amount.  It  is  very  doubtful  if  the  total  amount 
now  will  exceed  one  hundred  acres  of  land  actually  planted 
to  fruits  of  any  kind  in  the  whole  state,  and  certainly  the 
estimate  is  large  enough  if  we  confine  it  to  orchard  or  other 
fruits  which  are  in  bearing.  There  has  been,  however,  a 
change  of  heart  in  regard  to  all  branches  of  agriculture  in 
the  last  few  years.  The  state  is  rapidly  settling  up  and 
many  are  evincing  great  interest  in  the  possibility  of  fruit 
raising. 

As  a  matter  of  history,  as  well  as  to  demonstrate  what 
can  be  done  along  this  line,  we  have,  in  addition  to  our  own 
experiments,  attempted  to  represent  all  the  fruit  growers  in 
the  state.  We  have  been  unable  to  visit  or  get  reports  from 
Uinta  county,  and  it  is  probable  there  are  some  fruit  growers 
there  that  we  have  been  unable  to  represent.  So  far  as  we 
could  get  statements  from  growers  of  the  state,  or  from 
their  neighbors,  they  are  given  in  the  bulletin.  The  cultural 
directions  given  and  notes  on  irrigation  are  only  such  as 
apply  to  our  own  conditions.  No  attempt  has  been  made  to 
write  exhaustively  upon  the  subject,  but  it  is  hoped  that 
such  information  as  is  given  will  be  of  benefit  to  those  who 
may  wish  to  grow  fruits  and  to  new  corners  to  the  state  who 
are  unacquainted  with  our  conditions.  It  is  hoped  also 
that  the  bulletin  will  demonstrate  to  those  who  are  looking 
for  homes  in  the  West  the  fact  that  Wyoming  has  agricultu- 
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ral  and  horticultnral  possibilities  of  her  own.  The  traveler 
who  crosses  our  state  on  any  of  the  railroad  lines  sees  little 
agricultural  development  and  is  apt  to  conclude  that  our 
plains  and  mountains  are  only  pastures  for  cattle,  horses^ 
and  sheep.  If  this  bulletin  stimulates  a  part  of  our  people 
who  have  homes,  to  better  their  conditions,  by  supplying 
themselves  with  the  luxury  of  fresh,  health-giving  fruits 
from  their  own  garden^,  elevating  the  tone  of  their  living, 
and  at  the  same  time  reducing  its  cost,  we  shall  feel  that  the 
labor  and  expense  are  insignificant. 

Our  illustrations  are  all  half-tones  from  photographs^ 
except  the  one  of  a  fruiting  branch  of  the  Japanese  Wine- 
berry.  Unless  otherwise  stated  under  each,  the  illustrations 
are  from  fruits  grown  upon  the  Experiment  Station  farms. 
Thanks  are  due  to  all  those  w^ho  have  generously  assisted  in 
the  preparation  of  this  report.  W.  H.  Fairfield  has  aided 
the  writer  in  the  preparation  of  the  subject  matter,  more  es- 
pecially with  the  cultural  suggestions  and  tabulations.  Hon* 
J.  M.  Carey  has  kindly  loaned  three  of  the  engravings  and 
famished  data.  J.  H.  Gordon,  J.  Lund,  and  J.  King  fur- 
nished fruits  from  which  photographs  were  made,  and  G.  W. 
Barlow  and  C.  H.  Manning  furnished  data  and  three  of  the 
photographs.  Thanks  are  due  the  superintendents  of  all 
the  farms,  and  especially  J.  S.  Meyer  of  Lander,  for  his  untir- 
ing energy  and  kindness  in  furnishing  information  regard- 
ing his  own  orchard  work. 
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Ked  Charry  Currant,  Natural  Sin, 

CULTURAL  SUGGESTIONS. 

The  general  lawa  of  caltivatton  of  fruits  iire  the  santft 
«Terywhere,  but  in  the  arid  region,  methods  of  pJanting  and 
treatment  differ  materially  from  those  in  general  practice 
where  irrigation  is  unnecessary.  Thoae  methods  which  pro- 
duce best  results  in  adjoining  arid  states  will  be  found  ap- 
plicable to  our  conditions,  varying  somewhat  with  the  local- 
ity, soil,  exposure,  climatic  conditions,  and  water  supply. 
No  class  of  crops  will  give  greater  or  more  satisfactory  re- 
turns for  attention  and  care  bestowed,  than  fruits.  They 
naturaUy  require  intensive  cultivation.  The  most  of  them 
have  been  domesticated  for  a  great  many  years.  They  have 
been  nursed  and  improved  to  reach  their  present  perfection, 
and  are  so  far  above  the  wild  sorts  that  they  more  qnickly 
succnmb  when  neglected.  They  have  been  cared  for  so  long 
that  they  have  lost  much  of  the  power  of  competing  with 
other  plants  in  the  struggle  for  existence.  This  Is  undoubt- 
edly intensified  when  they  are  brought  into  conditions  dif- 
fering from  those  of  their  original  home. 

They  adapt  themselves  rather  slowly  to  new  condltiona, 
and  on  this  account  we  believe  it  always  pays  to  patronise 
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good  reliable  home  nurserymen  who  have  stock  raised  under 
like  conditions  and  more  or  less  acclimated,  than  to  buy 
plants  from  a  distance  where  they  are  raised  under  widely 
differing  conditions.  This  was  illustrated  in  the  sudden  storm 
of  September,  1895,  which  killed  nearly  all  the  young  trees 
in  the  orchards  of  the  state,  while  only  a  small  percent  of 
the  old  well-established  and  acclimated  trees  died  from  its 
effects.  Another  evidence  is  that  nearly  all  the  strawberry 
plants  which  were  pot-grown  in  the  east  died  when  set  out 
upon  the  experiment  farms,  while  a  large  per  cent  of  hardy 
out-door  plants  from  western  nurseries  lived. 

While  we  know  of  one  or  two  orchards  in  the  state 
where  trees  were  purchased  in  the  east,  we  believe  our  rec- 
ommendation to  plant  only  western  grown  trees,  or  western 
stock  of  any  fruit  a  good  one,  provided  that  the  stock  is  as 
good  and  the  varieties  wanted  can  be  obtained. 

The  soils  of  the  state  are,  as  a  rule,  quite  rich  in  the  in- 
organic plant  foods,  principally  lacking  in  humus  or  veg< 
etable  mold  which  supplies  nitrogen.  However,  it  will 
probably  be  found  advantageous  to  supply  fruits,  more 
especially  orchards,  with  some  fertilizer  rich  in  potash. 
Wood  ashes  will  answer  the  purpose  well,  where  they  can  be 
obtained.  Barnyard  manure  is  the  most  perfect  fertilizer 
and  should  always  be  used  liberally  with  fruits.  Insect  ene- 
mies of  fruits  have  not  yet  been  reported  as  doing  damage  in 
this  state,  with  the  exception  of  the  Codlin  Moth,  which  has 
made  its  appearance  at  Lander.  If  concerted  action  is  taken, 
the  spread  and  increase  of  injurious  insects  could  be  largely, 
if  not  entirely,  prevented.  It  is  important,  then,  that  every 
one  should  destroy  such  pests  as  soon  as  they  appear.  Mod- 
em methods  of  combating  these  insects  by  spraying,  etc., 
directions  for  which  are  given  in  recent  horticultural  publi- 
cations, should  be  carefully  followed.* 

^Anyone  desiring  infonnatUn  in  regard  to  methods  of  spraying,  and  solutions  with 
which  to  combat  insect  enemies  or  plant  diseases,  is  invited  to  write  to  the  Horticulturist, 
Experiment  Station,  Laramie,  Wyoming. 
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The  following  brief  cultural  directions  we  believe  will 
be  found  applicable  to  most  parts  of  the  state. 

THE  OBCHABD. 

Deciding  on  the  location  of  an  orchard  is  an  important 
step.  Under  our  conditions  a  north  slope  is  preferable,  be- 
cause the  snow  stays  better  in  the  winter,  the  buds  are  not 
apt  to  start  so  early  in  the  spring,  and  the  trees  are  not  so 
liable  to  become  burned  on  the  south  and  west  sides  by  the 
bright  sunshine  during  the  time  that  there  are  no  leaves  on 
them.  We  prefer  a  well-drained  soil,  along  a  stream,  with 
all  the  protection  which  can  be  obtained  from  surrounding^ 
trees,  hills,  or  buildings,  especially  on  the  sides  from  which 
the  prevailing  winds  blow.  The  soil  in  such  a  locality  ia 
not  apt  to  contain  enough  alkali  to  be  injurious,  and  where 
winter  irrigation  can  not  be  practiced,  the  bottom  lands  are 
not  so  apt  to  freeze  and  thaw  often,  or  dry  out.  When  given 
proper  care,  however,  orchards  will  succeed  well  on  uplands. 
Plant  windbreaks  of  cottonwoods  and  willows  on  the  side  or 
sides  from  which  the  prevailing  winds  blow. 

The  soil  should  be  thoroughly  prepared,  manured, 
plowed,  and  if  possible,  subsoiled,  and  harrowed.  It  is  gen* 
erally  better  to  set  the  trees  in  rows  both  ways,  but  on  steep 
slopes  it  is  sometimes  necessary  to  plant  one  way,  following 
the  contour  lines,  so  that  the  .land  may  be  irrigated  without 
washing.  We  recommend  buying  trees  in  the  fall,  heeling 
them  in  over  winter  and  planting  in  the  spring.  Heel  them 
in  in  a  place  where  the  soil  is  not  apt  to  dry  out  or  blow  away> 
and  cover  root8,stem8,and  branches  with  soil.  Lay  the  trees^ 
well  apart,  for  if  they  are  placed  in  bunches,  open  spaces  are 
apt  to  be  left  among  the  roots  and  stems,  harboring  mice  or 
other  rodents,  which  gnaw  the  roots  and  bark,  either  greatly 
injuring  or  entirely  destroying  the  trees.  A  number  of  trees- 
were  destroyed  in  this  way  at  Lander. 
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There  is  some  diversity  of  opinion  as  to  the  distance 
apart  trees  should  be  planted  under  our  conditions..  Some 
claim  that  many  orchards  are  running  out  in  the  West  be- 
fore they  should,  because  the  trees  are  set  too  close  together. 
We  think  good  distances  are  twenty-five  feet  each  way  for 
apples,  eighteen  or  twenty  feet  for  crabs  and  pears,  twelve  or 
fifteen  feet  for  cherries  and  plums.  The  branches  should  not 
be  allowed  to  touch  or  interlock  when  the  trees  are  full 
grown. 

In  digging  holes  in  which  to  set  trees,  make  them  lar^e^ 
enough  to  accommodate  the  roots  without  twisting  or  bending 
them.  If  hard-pan  is  reached,  it  should  be  broken  up  around 
where  the  tree  is  to  be  set,  using  blasting  powder,  if  neces-, 
sary.  Set  trees  the  same  depth  in  the  ground  as  they  were 
in  the  nursery  rows.  We  think  the  surest  way  to  make  trees 
grow  is  to  cut  back  the  tops  judiciously,  place  enough  loose 
soil  in  the  hole  to  cover  the  roots  and  hold  them  in  place^ 
working  it  in  around  them  closely,  and  then  fill  the  hole  with 
water.  After  the  water  has  soaked  away  suffi(»iently,  finish 
filling  the  hole  even  with  the  ground,  tramping  it  firmly 
around  the  trunk.  Planting  with  water  in  this  way  is  gen- 
erally  better  than  puddling  the  soil,  which  is  apt  to  be  in^ 
jnrious  if  the  soil  contains  much  clay. 

The  best  age  to  set  out  is  probably  two  years  from  the 
graft-  We  like  trees  which  are  headed  low,  i.  e.  from  twa 
to  three  feet  from  the  ground.  In  starring  the  head  with 
young  trees,  avoid  making  crotches  or  pruning  too  much.^ 
Pruning  is  always  in  order.  The  sooner  limbs  or  brancliea 
which  are  not  wanted  are  cut  oflF,  the  less  strength  they  will 
take  from  the  tree. 

We  have  seen  some  fruit  and  shade  trees  so  disgra<*e- 
fully  pruned,  that  it  calls  for  a  word  of  protest  h(»re.  in 
amputating  the  limb  of  a  man,  it  may  be  wise  to  take  it  oflT 
as  far  from  the  trunk  as  possible,  but  in  pruning  trees. 
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•always  pursue  exactly  the  opposite  policy.  Many  make  a 
practice  of  cutting  off  limbs  two  or  four  inches  froih  the 
trunk  or  main  branch,  which  makes  stubs  that  die  and  leave 
behind  a  diseased  place  or  ugly  scar.  Whenever  a  branch 
t)r  limb  is  removed,  it  should  be  cut  off  as  close  to  the  trunk 
<or  branch  upon  which  it  groes  as  possible,  making  a  smooth 
cut  over  which  the  bark  will  grow  and  heal  the  wound.  In 
cutting  back  the  tops  of  trees,  we  prefer  to  make  slanting 
cuts  with  a  sharp  knife  or  ax  rather  than  sawing  the  Umb 
squarely  off.  In  cutting  back  top  limbs,  cut  off  jusi  above 
»  bud  or  limb,  so  there  will  be  little  or  none  of  the  branch 
left  which  will  die  below  the  cut.  Any  severe  pruning  of  the 
apple  should  be  done  in  the  spring  before  the  buds  swell. 
Cherries  and  plums  should  be  pruned  in  the  summer,  for, 
if  they  are  cut  at  other  seasons,  gum  exudes  from  the  wounds. 
Summer  pruning  should  never  be  severe,  but  should  consist 
in  rubbing  off  buds  which  are  developing  where  they  are  not 
wanted,  and  pinching  back  slender  liinbs  to  increase  fruit- 
fulness  and  make  a  well  formed  tree. 

Give  the  orchard  clean  cultivation.  Never  allow  weeds 
to  grow  and  give  the  surface  of  the  soil  a  shallow  cultiva- 
tion often.  We  do  not  recommend  planting  any  kind  of 
grass  in  the  orchard.  If  crops  are  raised  on  the  land  between 
young  trees,  they  should  be  planted  some  dist-ince  from  them 
and  should  consist  of  some  hoed  crops  which  require  shallow 
cultivation  and  do  not  grow  tall  enough  to  shade  the  trees. 
Good  crops  for  this  purpose  are  beans,  peas,,  squashes, 
pumpkins,  and  melons.  Rows  of  currants  and  gooseberries 
may  be  planted  between  the  apple  rows,  but  such  fruits  as 
raspberries  are  not  so  good,  as  they  grow  tall  and  require 
BO  much  digging  for  their  winter  protection  that  the  roots 
of  the  trees  are  apt  to  be  injured. 

It  pays  to  give  trees  winter  protection.  Place  a  good 
heavy  mulch  of  barnyard  litter  around  each  tree,  taking  care 
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not  to  let  it  come  directly  against  the  trunic,  to  heat  op  har- 
bor insects  or  mice  which  will  injure  the  bark.  Our  jack 
rabbit  is  also  fond  of  gnawing  the  bark  of  trees.  Rhoot  the 
rabbit,  and  protect  the  trees  with  some  nifchanical  de- 
Tice  such  as  wire  screen,  or  better  still,  some  form  of  slat 
protectors.  It  is  better  to  place  the  mulch  around  the  trees 
after  the  first  snow  storm,  as  it  will  hold  the  moisture  and 
guard  somewhat  against  alternate  thawing  and  freezing. 
Wrapping  the  trnnks  of  the  trees  with  burlap  and  then  with 
paper,  tied  on  securely,  will  prevent  their  sunbui-ning  and 
largely  check  the  transpiration  of  moisture.  A  board,  or 
better,  two  boards  nailed  together,  forming  a  right  angle, 
and  set  on  the  south  and  west  of  each  tree,  will  keep  the 
trunk  from  becoming  sunburned. 
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SMALL  FBUITB. 

STRAWBERRIES.— New  beds  may  be  planted  either 
in  the  spring  or  late  summer.  If  planted  in  late  summer  or 
fall,  do  it  as  early  as  good  thrifty  young  plants  can  be  ob- 
tained for  the  purpose.  Strawberries  are  of  easy  culture  and 
will  grow  almost  anywhere,  but  they  well  repay  every  ad- 
vantage given  them.  Have  the  soil  well  manured  and  thor 
oughly  pulverized.  Plow  the  manure  into  the  soil  six 
months  or  a  year  before  the  plants  are  set,  and  have  the 
land  as  free  from  weeds  as  possible.  Set  the  plants  in  rows 
three  or  four  feet  apart  and  place  them  one  foot  apart  in 
the  row.  The  quickest  and  surest  way  to  plant  is  to  plow 
straight,  narrow  furrows  for  the  rows,  run  water  enough 
through  the  furrows  to  soak  them  up  well,  and  have  the 
plants  dropped  the  proper  distance  apart  along  the  edge  of 
the  furrow.  The  one  who  spreads  the  plants  is  followed 
closely  by  the  planter,  who  takes  up  the  plant  in  one  hand^ 
takes  a  handful  of  muddy  soil  from  the  edge  of  the  furrow 
with  the  other,  places  the  plant  in  the  hole  made,  and  at  the 
same  time  spreads  the  roots  and  covers  them  almost  in  one 
motion.  In  this  way  a  man  who  is  quick  and  skillful  can 
plant  an  acre  a  day  and  do  it  well.  In  clay,  however,  it  may 
be  found  that  this  method  will  puddle  the  soil  eno:gn  to  re* 
tard  the  growth.  The  furrows  can  be  left  open  a  few  days 
and  water  run  through  every  day  or  two  until  the  plants  are 
well  established,  when  a  new  furrow  should  be  plowed,  fill- 
ing up  the  old  one. 

Give  the  plants  careful  attention  the  fir^t  season.  Irri- 
gate in  the  fall,  and  as  soon  as  the  ground  is  frozen,  niulch 
heavily  with  clean  straw  or  other  litter  that  is  as  free  from 
weed  seeds  as  possible.  Hold  the  mulch  in  place  with  poles^ 
brush,  or  other  weights.  In  some  parts  of  the  state  it  may 
be  found  advantageous  to  cover  the  plants  with  earth  in- 
stead of  other  mulch.  Sometimes  a  light  mulch  of  pine 
needles  or  straw  is  left  around  the  plants  in  the  spring 
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to  keep  the  berries  clean,  but  with  ordinary  mulching  ma* 
terial  this  will  not  be  feasible,  and  in  any  case  it  is  apt  to 
interfere  more  or  less  with  irrigation.  Recently  much  dis; 
cnssion  has  taken  place  in  regard  to  the  length  of  time  a 
strawberry  bed  should  be  maintained.  Many  contend  it  is 
more  profitable  to  allow  a  strawberry  bed  to  fruit  only  one 
year,  renewing  it  every  second  year.  With  small  beds  such 
as  will  ordinarily  be  planted  in  this  state,  where  well  cared 
for  and  kept  clean,  we  think  that  they  may  be  maintained 
three  or  four  years. 

RASPBERRIES,  BLACKBERRIES  AND  DEWBER- 
KI£S.- — In  planting  these  fruits  plenty  of  room  should  be 
given,  so  that  they  may  be  easily  covered  with  earth  for  win- 
ter protection.    A  letter  from  J.  S.  Meyer  of  Lander  says: 

"lu  planting  our  small  fruits,  we  laid  out  nrws,  five  feet 
apart  for  raspberries,  blackberries,  and  dewberries,  and 
planted  them  four  feet  apart  in  the  rows.  I  find  we  got  our 
berries  all  too  close.  If  I  were  to  set  out  anything  like  one- 
fourth  acre  or  more  to  these  fruits,  I  would  have  the  rows 
seven  feet  apart  and  plant  some  vegetables  between  them 
the  first  year  or  two.  In  order  to  cover  the  canes  easily  with 
earth,  it  is  better  to  have  the  rows  wide." 

The  soil  should  be  prepared  in  the  same  way  as 
for  other  fruits,  and  cultivated  often,  at  least  after 
each  irrigation.  To  insure  their  maturing  and  to  in- 
crease their  fruitfulness,  the  tips  of  the  new  canea 
should  be  pinched  back  after  th(\v  reach  a  sufficient 
height  in  August,  at  which  time,  also,  the  irrigation 
should  cease.  After  the  old  canes  are  through  fruiting, 
cut  them  all  out,  and  remove  enough  of  the  new  eadeft 
to  thin  them  proj)erly,  leaving  only  the  stronger  ones 
for  next  season's  fruiting.  Irrigate  in  the  fall  when  the 
growth  has  stopped.  After  the  soil  has  dried  out  suffi- 
ciently, before  the   ground   freezes,   lay  the   canes   dowa 
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lengthwise  in  the  row  and  cover  deeply  enough  with  earth  to 
preirent  their  drying  out  through  the  winter.  This  can  be 
done  on  a  large  scale  with  little  trouble  by  using  a  sled, 
tamed  vip  a  iittle  in  front  and  smooth  underneath,  so  as  not 
to  injure  the  canes.  This  is  drawn  by  two  horses,  one  on 
each  side  of  the  row.  A  few  shovelfuls  of  soil  thrown  upon 
the  ends  of  the  canes  as  the  sled  is  drawn  over  them  will 
bold  them  down.  The  covering  can  be  finished  by  plowing 
along  the  sides  of  the  row,  throwing  the  soil  over  the  hori- 
zontal canes.  They  should  be  uncovered  in  the  spring  before 
the  buds  throw  out  new  shoots,  but  not  so  early  that  the 
flowers  will  come  out  in  time  to  be  caught  by  the  late  frosts. 

GOOSEBERRIES  AND  CURRANTS.— These  mav  be 
placed  in  rows  four  or  five  feet  apart  and  four  feet  apart  in 
the  rows.  Give  the  same  preparation  of  the  ground  as  for 
Other  fruits  and  g^ve  clean  cultivation.  They  need  pruning, 
to  leave  the  stems  somewhat  open  and  at  equal  distances 
apart.  As  they  become  old  and  thicken  up,  cut  out  the  old 
crooked  and  weak  fruiting  stems,  leaving  enough  two-year- 
old  stems  for  next  year's  crop.  On  account  of  their  hardy 
character,  it  is  not  necessary  to  give  them  any  winter  pro- 
tection other  than  a  good  mulch  on  the  soil  to  retain 
moisture. 

GRAPES. — We  do  not  attempt  to  give  any  but  the 
simplest  directions  for  cultivating  grapes  in  this  state.  They 
must  be  given  thorough  cultivation.  Some  writers  claim 
that  soil  of  only  moderate  richness  is  better  than  one  which 
is  very  rich.  The  grapes  upon  the  Lander  experiment  farm 
are  planted  in  rows  five  feet  apart,  four  feet  apart  in  the 
row-  We  recommend  giving  them  more  room  than  this. 
Directions  for  pruning  and  different  methods  of  training  arfe 
-given  in  horticultural  works  and  need  not  be  repeated  here. 
The  long  vines  should  often  be  pinched  back  during  the 
4Bummer  to  help  ripen  the  wood,  and  young  shoots  that  are 
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ODt  of  place  should  be  rubbed  off  as  soon  ae  they  appear. 
After  the  leaves  are  dropped  in  the  fail,  the  bearing  shoots 
should  be  out  back,  leaving  two  or  three  strong  buds. 

As  it  is  necessary  to  lay  the  vines  on  the  ground  and 
cover  with  earth  for  the  w1nter,in  the  same  way  as  with  rasp- 


berries  and  blackberries,  it  is  necessary  to  build  the  trellis 
and  train  the  vines  to  it  in  soch  a  way  as  to  interfere  least 
with  this  operation.  Where  the  grapes  are  to  be  extensively 
grown,  a  low  trellis  of  wire  stretched  between  posts  a  con- 
dderable  distance  apart  and  supported  between  the  posts 
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bj  stakes  which  are  easily  removed,  is  best.  The  vines  can 
be  easily  taken  down  in  the  fatl,  the  wire  removed  and  the 
vines  covered  with  a  plow.  Finish  with  a  shovel,  to  insure 
their  all  being  well  covered.  Grapes  succeed  best  on  soil 
with  good  natural  drainage,  along  streams  or  near  bodiea 
of  water,  and  where  tliey  can  be  protected  by  windbreaks. 
It  is  doubtful  if  they  will  succeed  at  high  altitudes  in  this 
state,  but  at  lower  altitudes  wherever  the  native  grape  is 
found,  early  and  hardy  varieties  succeed  if  given,  proper 
cultivation  and  care. 

IRRIGATION  OF  FRXTITS. 

Irrigation  is  one  of  the  most  important  factors  in  the 
success  or  failure  of  fruit  raising.  An  unirrigated  region 
cannot  compete  with  an  irrigated  one  in  the  yield  or  quality 
of  the  crop.  This  is  true  of  fruits  to  a  greater  extent  than 
of  any  other  class  of  plants.  Directly  proiK)rtional  to  the 
judicious  application  of  water  will  be  the  success  of  the  crop. 
We  believe  that  a  large  percent  of  failures  is  attributable 
to  careless  irrigation  and  over-irrigation.  The  eflFects  of 
water  on  soil  and  fruits  must  be  carefullv  studied  bv  the 
cultivator  who  would  succeed. 

Furrow  or  seepage  irrigation  is  the  system  which  should 
be  followed.  With  the  exception,  perhaps,  of  strawberries, 
it  may  be  generally  stated  that  flooding  is  not  advisable  for 
any  of  the  fruits  we  raise.  Irrigating  furrows  should  never 
have  so  great  a  fall  as  to  wash  the  soil.  Their  proximity  to 
the  plants  should  depend  on  the  absorbing  power  of  the 
soil,  the  character  of  the  subsoil,  and  somewhat  upon  the 
age  of  the  plant.  Water  should  never  be  allowed  to  touch 
the  stems  or  trunks  of  shrubs  or  trees.  Each  irrigation: 
should  be  thorough,  and  as  the  water  is  generally  cold, 
should  be  finished  as  quickly  as  possible.  If  the  water 
stands  for  any  length  of  time  around  fruits,  so  that  the 
ground  remains  saturated,  great  injury  and  retarding  of 


Fruit  Growing  in    Wyoming.  99 

growth  will  result.  Fruits  should  not  be  made  to  drink  more 
water  than  they  actually  need.  The  amount  required  der. 
pends  on  the  character  and  slope  of  the  soil  and  subsoi), 
the  condition  of  the  weather,  the  kind  of  fruit,  whether  in 
bearing  or  not,  and  the  season.  Each  irrigation  should  be 
followed  by  a  thorough  cultivation  as  soon  as  the  soil  is 
dry  enough  to  be  properly  worked.  During  the  early  and 
middle  part  of  the  growing  season,  irrigation  should  occur 
often  enough  to  keep  the  ground  in  a  moist  condition,  but 
not  wet.  This  is  more  essential  during  the  bearing  season 
for  small  fruits.  During  the  latter  part  of  the  season,  as  a 
general  rule,  after  the  middle  of  August,  irrigation  should 
be  stopped,  so  that  the  plants  will  cease  growing  rapidly^ 
and  have  an  opportunity  to  ripen  their  wood  and  develop 
buds.  Late  in  the  fall,  before  the  ground  has  frozen,  and 
when  growth  has  ceased,  the  land  should  be  thoroughly  ir- 
rigated. The  later  this  irrigation*  can  be  done  the  better, 
as  the  object  is  to  store  moisture  in  the  soil  sufficient  for 
winter. 

As  we  have  before  indicated,  in  the  state  papers,  where 
orchards  are  planted  on  bottom  lands  that  have  a  continual 
supply  of  moisture,  fall  irrigation  may  be  unnecessary.  But 
on  upland  it  is  the  surest  way  to  prevent  trees  from  winter- 
killing, and  when  possible,  irrigations  through  the  winter 
will  be  found  advantageous.  Directly  after  the  last  fall  ir- 
rigation, or  after  the  first  snow-fall,  a  heavy  mulch  will  tend 
to  prevent  evaporation  and  sudden  changes  of  temperature 
and  hold  the  frost  in  the  ground  later  in  the  spring,  thus  re^ 
tarding  a  too  early  flow  of  sap.  This  is  of  great  importance 
with  us,  as  our  open  winters  and  warm  spring  days  are  apt 
to  bring  out  the  blooms  in  time  to  be  destroyed  by  late 
frosts. 

Strawberries  may  be  flooded,  if  the  rows  are  so  well 
matted  as  entirely  to  shade  the  ground,  but  during  the  fruit- 
ing season  the  berries  are  apt  to  be  soiled,  occasicming  con* 
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siderable  loss.  When  in  fruit  they  require  considerable 
water.  We  have  found  it  a  good  plan  to  pick  the  berries  ev- 
ery other  day,  and  irrigate  every  fourth  day,  or  irrigate  the 
day  they  are  picked. 

SUB-IRRIGATION.— As  the  word  implies,  this  is  fur- 
nishing water  from  below  the  surface.  It  is  accomplished 
by  laying  pipes  or  tiling  in  the  ground,  with  openings  such 
4listances  apart  as  will  allow  the  ground  to  be  kept  moist. 
The  distance  between  the  pipes  and  that  between  the  open- 
ings in  them,  when  they  are  used  for  small  fruits,  should  de- 
pend on  the  character  of  the  soil  and  the  subsoil.  In  or- 
chards pipes  are  usually  placed  along  each  row  with  an 
opening  near  each  tree  or  between  two  trees.  We  have  ex- 
perimented with  sub-irrigation  for  shade  trees  and  believe  it 
to  be  a  great  improvement  over  open  ditches  when  once  es- 
tablished. The  great  objection  to  this  method  is  the  first 
cost,  which  is  too  great,  unless  the  land  is  very  valu- 
able and  valuable  crops  are  to  be  grown.  Where 
porous  tiling  is  used,  unless  it  has  to  be  shipped  from 
a  great  distance,  a  system  of  sub-irrigation,  where  the 
soil  is  such  that  pipes  can  be  placed  twenty  feet  apart, 
will  cot  1300.00  an  acre.  Its  advantages  are  entirely 
doing  away  with  open  ditches;  effecting  an  economy  in 
water,  unless  the  subsoil  is  too  porous;  reducing  the 
expense  of  applying  water,  as  it  requires  no  labor  except 
turning  the  water  on  and  off;  applying  the  water  from  below 
in  the  natural  way,  thus  preventing  the  cooling  effects  ol 
evaporation  as  well  as  the  baking  of  the  surface  soil.  Each 
grower  must  decide  for  himself  whether  or  not  it  possesses 
advantages  for  his  farm  sufficient  to  warrant  the  outlay. 


RED  CHERRY  CURRANT.     Raited  by  J.  Kiog,  Laramie,  iBg7. 
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ALTITUDE,  7,200  FEET. 


Very  few  have  had  sulBcient  faith  in  the  possibility  of 
growing  even  the  hardiest  kinds  of  fruit  upon  the  Laramie 
Plains  to  give  the  matter  more  than  a  passing  thought.  A 
few,  however,  have  boldly  hazarded  their  time,  labor,  and 
money ,and  their  success  has  been  worth  many  times  the  trou« 
ble  and  cost.  The  fact  has  been  demonstrated  that  even  un- 
der our  conditions  of  altitude  and  climate,  hardy  varieties 
will  succeed,  if  they  are  properly  cared  for  and  given  shel- 
ter from  the  drying  winds  of  the  winter  season.  Our  work 
with  fruit  upon  the  experiment  farm  has  given  us  little 
to  report.  As  a  rule  the  results  have  been  negative  rather 
than  otherwise.  We  have  planted  a  great  number  of  kinds 
and  varieties  in  the  hope  that  some  might  be  found  which 
would  succeed  without  the  protection  of  wind-breaks  and 
winter  irrigation. 

The  Station  farm  is  situated  upon  the  open  plain,  with* 
out  any  object  that  will  break  the  force  of  the  winds. 
Prom  six  to  eight  months  of  the  year  the  farm  is  without 
water  with  which  to  irrigate,  and  the  soil  becomes  so  dried 
out  that  few  plants  can  survive  in  it.  However,  under  these 
conditions,  our  hardy  apple  trees,  such  as  Siberian  Grabs 
and  Ben  Davis,  lived  through  three  seasons,  and  some  vari- 
eties of  small  fruits  have  borne.  The  following  is  a  brief 
report  upon  those  kinds  and  varieties  fruited,  arranged  in 
order  of  their  hardiness: 

OUBBANTS. 

Of  the  varieties  that  have  been  grown,  the  Red  Cherry, 
White  Grape,  and  White  Dutch  have  been  fruiting  each 
year.    One  black  variety,  namely,  Lee's  Prolific,  has  sue* 
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ceeded  fairly  well,  and  the  Crandall  produced  yigorouB  vineSy 
bat  only  a  small  amoant  of  frait. 

DEWBERRIES. 

Of  a  large  number  of  varieties  of  blackberries,  rasp- 
berries,  and  dewberries,  the  Lucretia  Dewberry  has  proved 
the  most  hardy.  All  the  other  plants  winter-killed.  The  few 
vines  of  dewberries  were  given  almost  no  attention  after  the 
first  season.  With  a  comparatively  small  amount  of  irriga- 
tion,  they  have  lived  through  the  winter  and  ripened  some 
fruit.  We  have  no  doubt  that,  where  they  are  given  some 
protection,  they  will  prove  very  successful. 

STRAWBERRIES. 

A  large  number  of  varieties  of  strawberries  was 
planted  in  the  spring  of  1892.  The  plants  were  obtained 
from  different  nurseries  in  the  United  Btates,  some  being 
pot-grown  plants  wiiich  had  been  raised  in  the  greenhousea 
of  the  east.  Not  only  here,  but  in  other  parts  of  the  state 
as  well,  the  pot-grown  plants  seemed  too  tender,  arid  were 
the  first  to  succumb.  The  plants  obtained  from  the  Colorado 
nurseries  seemed  more  hardy  and  lived  longer  than  the 
others. 

An  experiment  to  determine  the  best  method  of  winter 
protection  was  carried  out  during  the  winter  of  1892  and 
1893.  One-third  of  the  plants  of  each  variety  was  left  un- 
covered, one-third  was  covered  with  straw  and  litter,  and 
one-third  was  covered  with  earth.  The  water  in  th^  soil 
dried  out  and  nearly  all  of  the  plants  died.  Only  a  few  of 
those  covered  with  soil  came  out  alive  in  the  spring  and 
these  died  later.  In  1896  a  new  experiment  with  strawber- 
ries was  begun.  Four  varieties  were  planted  about  August 
20,  and  were  irrigated  late  in  the  fall  and  covered  with  coarse 
litter.    About  one-half  of  the  plants  died  during  the  winter, 
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but  the  others  have  grown  well  this  summer,  and  the  Vick 
and  Warfleld  have  ripened  fruit.  We  believe  the  strawberry 
industry  will  meet  with  success  where  the  plants  can  be  irr 
rigated  sufficiently  in  the  winter  and  have  some  protection.  ' 
It  should  be  profitable  to  raise  them  for  market  here,  as  thej 
will  ripen  late  in  the  season,  after  aJl  other  berries  are  out 
of  market.  Its  season  will  be  from  two  to  three  weeks  later 
than  that  of  ether  pla(^es  where  strawberries  are  raised  for 
Bhipment.  In  town  and  on  ranches  along  streams,  some  of 
our  people  are  successfully  growing  strawberries  for  their 
own  use. 

QOOSEBEBBIES. 

While  no  gooseberries  have  fruited,  with  the  exception 
of  a  very  few  berries  on  one  variety  during  one  season,  the 
vines  lived  through  the  winter  without  other  protection 
than  a  light  mulch.  The  varieties  which  seemed  most 
hardy  were  Houghton,  Industry,  Charles  Downing,  and 
Golden  Prolific. 


Fruit  Notes  on  the  Laramie  Plains. 


A  few  ranchmen  on  the  Laramie  Plains  have  attempted 
to  raise  fruits  with  varying  success.  In  the  winter  of  1891- 
92,  Mr.  E.  8.  R.  Boughton  of  the  northern  part  of  Albany 
county,  stated  that  all  the  fruit  trees  planted  in  that  section 
had  died.  In  many  sheltered  localities  there  are  fruit  treei^ 
now  growing  and  some  of  them  are  bearing  creditable  crops, 
hi-sheltered -yards  in  Laramie  a  number  of  people  have  suc- 
ceeded in  growing .  hardy  apples.  Hon.  Edward  Ivinson 
has  a  number  of  fine  trees  of  standard  sorts  in  his  yard  and 
some  of  them  have  matured  fruit.  Judge  M.  C.  Brown  ha» 
two  fine  Siberian  Crab  trees  which  have  borne  heavy  crops 
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for  a  number  of  years.  We  present  a  cut  of  one  of  these 
trees.  Hon.  Otto  Gramm  has  some  fine  trees,  and  Mr.  Ora 
Haley  has  succeeded  in  ripening  some  apples  in  his  yard. 

Outside  of  town,  on  many  of  the  ranches,  are  sheltered 
situations  where  hardy  tree  fruits  will  succeeed.  We  know 
of  only  one  ranchman,  however,  who  has  trees  now  bearing 
fruit. 

MB.  LUND'S  SUCCESS. 

Mr.  Jacob  Lund,  whose  ranch  is  situated  25  miles  from 
Laramie  on  the  Big  Laramie  river  and  near  the  mountains, 
has  given  fruit  raising  attention  in  a  small  way.  Five  years 
agohepurchasedsometwoyearold  apple  trees  from  a  Colora- 
do nursery  and  planted  them  on  bottom  land.  Timothy  was 
planted  among  the  young  trees  and  the  second  year  the  grass 
grew  so  high  as  to  shade  and  greatly  injure  the  trees.  He 
states  also  that  the  trees  were  injured  by  being  kept  too 
wet,  for  in  addition  to  the  moisture  on  the  bottom  land  they 
were  irrigated  freely,  the  ground  having  been  kept  soaked 
with  water.  The  trees  have  been  given  no  winter  protec- 
tion, but  they  have  grown  well  and  are  now  bearing  nicely. 
When  five  years  old  one  tree  bore  a  single  apple;  last  year 
this  tree  had  six  small  apples  on  it,  and  this  year  the  same 
tree  bore  forty  fine,  large  apples,  which  ripened.  On  Octo- 
ber  20  Mr.  Lund  brought  four  of  these  apples  to  the  Uni- 
versity. As  he  could  not  state  the  variety,  one  of  them  was 
sent  to  Prof.  L.  H.  Bailey  of  Cornell  University,  who,  with 
other  experts,  examined  it  and  reported  it  to  be  a  Wealthy. 
We  show  cuts  of  these  apples,  both  natural  size,  and  smaller 
taken  with  a  scale  to  show  the  size.  Mr.  Lund  has  also 
ripened  a  few  cherries  (probably  Mor^llo)  and  has  some 
thrifty  plum  trees.  He  has  met  with  considerable  success 
1»  raising  strawberries  and  currants.  He  stated,  that  his 
family  could  not  afford  to  purchase  fresh  fruit  from  the 
markets  and  never  knew  what  the  luxury  meant  until  his 
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strawberries  came  into  bearing,  after  which  they  had  all 
the  fruit  they  could  use.  Mr.  Lund  practices  fall  irrigation. 
Water  is  kept  away  from  the  tree  and  other  fruits  during 
the  fall  while  they  are  ripening  their  wood.  After  every- 
thing begins  to  freeze  and  the  leaves  have  fallen  from  the 
trees,  they  are  thoroughly  irrigated  to  keep  them  from  dry- 
ing out  during  the  winter. 

SMALL  FRUITS. 

A  number  of  our  ranchmen  have  raised  small  fruits. 
Mr.  James  King,  whose  ranch  is  18  miles  west  of  Laramie, 
has  raised  remarkable  crops  of  the  White  Grape  and  Bed 
Cherry  currants.  Illustrations  of  these,  made  from  photo- 
graphs, are  shown.  The  fruit  is  used  principally  for  making 
wine  and  jelly. 

Mr.  A.  S.  Foster,  who  has  a  ranch  in  the  Centennial  val- 
ley, has  raised  abundant  crops  of  strawberries  and  raspber- 
ries. He  has  informed  us  that  he  has  plantations  of  the  wild 
varieties  of  raspberries  and  strawberries  which  have  pro- 
duced excellent  crops. 
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The  town  of  Lander  is  sitoated  in  the  fertile  valley  of 
the  Big  Popo  Agie  river,  and  is  at  an  altitude  of  about  5,300 
feet.  It  is  surrounded  by  a  farming  country  well  adapted 
to  the  production  of  fruits.  The  nearness  of  the  Wind  River 
mountains  to  the  arable  land  of  the  valleys  gives  it  protec- 
tion from  the  winds  and  cold.  The  streams  from  the  moun- 
tains give  abundant  water  supply.  The  water  is  very  pure, 
containing  almost  no  salts  of  any  kind.*  On  account  of  the 
water  being  so  cold  and  abundant,  seepage  or  furrow  irriga- 
tion is  generally  practiced  for  aJl  crops.f  The  soil  of  the 
bottom  lands  along  the  streams  is  black  alluvial  deposit, 
while  that  of  the  bench  lands]:  is  red  sandy  loam  which  is  of 
great  depth,  there  being  no  apparent  distinction  between  the 
surface  and  sub-sail.  In  both  the  Big  and  Little  Popo  Agie 
valleys  farmers  have  been  producing  hardy  fruits  for  a 
number  of  years,  and  in  sufficient  quantity  to  remove  all 
doubt  as  to  their  adaptability  to  the  soil  and  climate  of  that 
region. 


Fruits  Upon  the  Experiment  Farm. 

From  the  fruit  experiments  upon  the  Lander  farm  we 
have  obtained  some  data  of  value,  which,  with  the  experi- 
ence of  farmers  of  that  region  who  are  growing  fruit,  enable 
us  to  state  with  considerable  accuracy  what  may  be  done  in 
fruit  growing  in  that  section.  The  farm  of  the  sub-station, 
located  six  miles  west  of  Lander  at  an  altitude  of  about  5,500 
feet,  was  established  in  1891.    In  the  spring  of  1892  as  ex- 

*See  Bulletin  No,  34,  Water  Analyses,  page  119. 

tSee  Bulletin  No.  8,  page  19. 

tSee  Bulletin  No.  6,  page  17,  and  Bulletin  No.  14,  page  xo8. 
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tensive  plantings  of  fruits  were  made  as  available  funds 
would  allow,  and  these  have  been  increased  to  some  extent 
by  plantings  made  since.  The  fruit  plats  are  on  the  first 
bench  above  the  river.  Most  of  them  have  a  gentle  slope 
toward  the  north. 

Between  three  and  four  acres  of  fruits  have  been  grow- 
ing since  1892.  The  experiments  received  a  severe  check  in 
the  fall  of  1895  and  during  the  following  winter.  On  this 
account  complete  reports  of  all  fruits  have  not  been  fur- 
nished the  past  two  seasons. 

OBOHABD  FRUITS. 

With  the  exception  of  a  few  trees,  the  young  orchard  on 
the  experiment  farm  has  not  come  into  bearing.  However, 
we  think  a  report:  of  all  the  varieties  planted,  with  a  brief 
history  of  their  growth  up  to  the  time  of  the  destructive 
freeze  of  September,  1895,  will  indicate  something  of  the 
hardiness  and  adaptability  of  the  varieties  which  have  been 
grown.    Our  report  practically  ends  with  the  fall  of  1895. 

On  September  20th  of  that  year,  when  the  trees  were 
still  in  full  leaf,  the  temperature  suddenly  dropped  twenty 
\  degrees  below  freezing  point,  and  as  Mr.  Meyer  points  out  in 
his  letter,  young  trees  which  had  been  set  out  only  two  or 
three  years  were  nearly  all  destroyed.  This  storm  was  one 
of  those  rare  occurrences  which  occasionally  happen  in  all 
parts  of  the  country,  and  which  are  especially  discouraging 
in  a  new  region  where  plantings  of  fruit  are  just  beginning 
to  be  made.  So  destructive  was  it,  that  many  native  cotton- 
woods  and  other  trees  are  said  to  have  perished.  However, 
we  were  fortunate  in  having  orchards  in  the  different  sec- 
tions of  the  state  that  had  been  planted  long  enough  to  es- 
•cape  with  comparatively  little  damage.  If  this  were  not  the 
case,  we  should  still  have  no  proof  that  orchard  fruits  will 
Bncceed.  We  feel  sure  that  they  will  succeed  regardless  of 
any  nnusual  freak  of  the  weather.    On  account  of  lack  of 
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funds,  the  trees  killed  have  not  been  replaced  on  the  experi- 
ment farm. 

The  first  two  winters  after  setting  out  the  trees  thej 
were  protected  by  wrapping  the  trunks  with  paper  and  bur- 
lap, put  on  in  December.  During  the  second  winter,  winter 
rye  was  grown  on  the  land  between  the  trees  and  plowed 
under  in  the  spring.  The  superintendent  states  that  this  so 
loosened  the  ground  that  the  soil  was  put  in  better  con- 
dition of  tilth  and  that  it  took  up  the  water  much  better 
when  irrigated. 

Because  we  attach  some  importance  to  the  locality 
from  which  trees  are  obtained,  in  the  following  report  we 
have  indicated  the  nurseries  from  which  they  were  pur- 
chased. A  comparison  of  the  success  of  eastern  and  western 
grown  trees,  the  first  year  after  planting,  may  be  of  interest* 
Sixteen  varieties  with  a  total  number  of  one  hundred 
forty-six  trees  were  obtained  from  Green's  nursery  of  Roch- 
ester, N.  Y.,  in  the  fall.  They  were  received  in  good  condi- 
tion, pitted  for  the  winter,  and  set  out  in  the  orchard  in  April 
of  1892.  Of  the  one  hundred  forty-six  trees,  fifty-six, 
that  is,  about  thirty-eight  per  cent,  died  the  first  year.  In 
the  spring  of  1892  nine  varieties,  or  a  total  of  fifty -two  trees^ 
were  obtained  from  Shields'  nursery  of  Loveland,  Colorado^ 
These  trees  were  taken  up  in  the  spring,  boxed  in  the  usual 
way,  and  shipped  to  Lander  by  freight.  On  account  of  the- 
long  distance  from  the  railroad,  these  trees  were  over  a 
month  on  the  road,  and  the  superintendent  reported  them  in 
verv  bad  condition  when  received.  Some  of  them  were  so  far 
advanced  that  when  the  box  was  opened  they  were  found  in 
blossom,  and  it  was  June  before  they  were  set  out  in  the 
orchard.  Of  fifty-two  trees  planted,  nine,  or  about  seven- 
teen per  cent,  died  the  first  year. 

In  order  to  determine  whether  the  different  varieties 
obtained  from  each  place  would  account  for  the  greater  loss 
of  eastern  trees,  we  have  compared  the  three  hardy  varieties^ 
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OrclMrd  or  J.  S.  Meyer,  Lender.  1893. 
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Ben  Davis,  Oldenburg,  and  Wealthy,  which  were  purchased 
from  both  nurseries.  Of  forty  trees  of  these  varieties  ob- 
tained from  New  York,  thirteen  trees,  or  thirty-two  and  one 
half  per  cent,  died  the  first  year.  Of  eighteen  trees  of  the 
same  varieties  from  Colorado,  three  trees,  or  sixteen  and 
two-thirds  per  cent,  died  the  first  year.  To  be  strictly  accu- 
rate, the  success  of  trees  taken  from  the  nursery  and  shipped 
in  the  fall  is  not  comparable  with  the  success  of  those  taken 
up  and  shipped  in  the  spring. 

In  this  case,  however,  if  there  is  an  error  from  this 
cause,  it  does  not  change  the  result,  but  would  rather 
strengthen  it.  We  have  reason  to  believe  the  difference 
shown  would  be  much  greater  than  it  is,  if  both  had  been 
given  the  same  treatment.  The  trees  obtained  in  the  fall 
and  planted  with  the  opening  of  spring,  ha'd  so  much  in  their 
favor  that  it  was  natural  to  expect  a  smaller  percent  of  loss* 

Under  the  circumstances,  then,  the  comparison  is  Jegiti* 
mate,  and  the  conclusions  to  be  drawn  from  it  may  be  de- 
pended upon.  They  strengthen  the  belief  that  western 
grown  trees  will  succeed  better  under  our  conditions  than 
those  which  are  in  no  wise  acclimated. 

Apples. 

The  following  varieties  were  obtained  from  Green's 
nursery  of  Rochester,  N.  Y.,  in  the  fall  of  1891.  They  were 
heeled  in,  by  being  entirely  covered  with  earth.  In  April, 
1892,  the  trees  were  set  out  in  the  orchard.  All  the  trees 
were  two  years  old  when  planted.  The  roots  of  some  of  the 
trees  were  injured  by  field  mice,  which  made  their  nest  in  the 
pit  with  the  trees.  The  varieties  injured  in  this  way  are  in- 
dicated by  an  asterisk  after  the  name. 
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No. 
planted. 

Variety. 

Highest 

trees  in  foil 

of  1895. 

Remarks. 

9 
12 
16 
17 
12 

12 

9 
9 
9 
9 
10 
9 
3 
4 
3 
3 

Mcintosh  Red*     .... 

Baldwin* 

Wealthy 

Fameuse  ......... 

Oldenburg 

Ben  Davis 

Yellow  Transparent  .   .   . 
Red  Bietigheimer  .... 

Tetofsky 

Golden  Russet 

Pewaukee 

Sweet  Bough 

Grimes'  Golden  Pippin*  . 

Tallman  Sweet* 

Gravenstein* 

WolfRiver 

6  ft.,   4  in. 

4  ft.,   6  in. 
8  ft.,    7  in. 
7ft.»   9  in 
7ft.,    lin. 

8ft.,    Oin. 

7  ft.,    9  in. 

5  ft.,  11  in. 
6ft.,    Sin. 

5  ft..  10  in. 
7ft.,    lin 

6  ft.,    8  in. 

1 

1 

Early  winter  apple. 

Winter  apple,  not  hardy. 

Hardy,  foil  apple. 

Late  tall,  apparently  bardv. 

Early  (all,  apparently  hardy. 

\  Winter  apple.    One  tree  matured  an  apple 

i     in  1895. 

Winter  apple. 

Fall  apple. 

Summer,  hardy. 

Winter,  apparently  not  hardy. 

Winter  apple. 

Summer  spple. 

Late&ll:  all  died. 

Winter;  all  died. 

Fall;  all  died. 

Winter. 

The  following  varieties  were  obtained  from  O.  D. 
Shields'  nnrsery  of  Loveland,  Colorado,  and  shipped  to 
Lander  in  the  fall  of  1892.  They  were  so  long  en  route  that 
.all  were  much  damaged,  and  were  received  so  late  that  it 
was  June  before  they  were  planted  in  the  orchard. 


No. 
planted. 

Variety. 

Height  of 

tallest, 
fall  of  1895. 

Remarks. 

6 
4 
6 
6 
6 
6 
6 
6 
6 

Gano 

M  <rtha  Crab 

Whitney  Crab 

HvslopCrab 

Oldenburg 

Ben  Davis 

Yellow  Transparent      .   . 

Red  Astrachan 

Wealthy 

7  ft..   6  in. 

8  ft.,    2  in. 
7  ft.,   6  in. 
7  ft.,   8  in. 
7ft..    Sin. 
8ft.,    Oin. 
7  ft.,    9  in. 

7ft,   7  in. 

Winter. 
Fall. 

Fall. 

Eariy  fall.' 

Winter. 

Winter. 

Summer. 

Fall. 

The  following  varieties  from  O.  D.  Shields  were  set  out 
in  the  spring  of  1894: 


.    N». 
planted. 

Variety. 

Height  of 

tallest, 
fall  of  1895. 

Remarks. 

11 

Haas 

6ft.,   Sin. 
7ft.,    lin. 
5  ft.,    9  in. 
7ft,    5  In. 
7ft,    8  in. 

5ft.,    lin. 

8  ft. 
6tt. 

Fall. 

5 
6 
5 

4 
6 
8 
10 
4 
5 

Pewaukee 

Tallman  Sweet 

Oldenburg 

Hyslop  Crab 

Utter's  Red 

Golden  Pippin 

Jonathan 

Ben  Davis 

Walbridge 

Winter. 

Winter. 

Early  fall. 

Fall. 

Treeroi^  year  old,  early  winter. 

Trees  one  year  old,  late  fall. 

Winter. 

Winter. 

Late  winter. 

->> 
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Apricots. 
While  no  apricots  have  borne  fruit,  the  trees  have  lived 
fairly  well  and  made  excellent  f?rowth.  In  May,  1802,  there 
were  planted  two  each  of  J.  L.  Budd,  Gibb,  and  Alexander, 
and  in  June  three  Russian  apricots.  Those  planted  in  June 
were  so  lonj?  on  the  road  that  they  were  probably  dead  when 
received.  Those  planted  in  May  lived  through  the  first  win- 
ter, the  Gibb  making  the  largest  season's  growth  of  any  tree 
set  out.  One  of  the  Alexander  apricots  was  growing  well 
in  1895.  having  made  a  shapely  tree  six  feet  high. 

CherrieB. 

Five  trees  were  planted  in  May,  1892,  having  been  ob- 
tained from  Spear,  of  Greeley,  Colorado.  These  were  Sport 
Amorilla,  so  called,  and  two  unnamed.  In  «Tune  six  English 
Morello  and  six  Early  Richmond  from  Shields  w^ere  planted. 
As  it  was  so  late  when  they  were  received,  seven  of  the 
twelve  trees  died  the  first  year.  The  trees  which  lived  of 
both  English  Morello  and  Early  Richmond  ripened  a  few 
cherries  in  1893.  In  the  spring  of  1894  three  trees  of  the 
English  Morello  and  four  of  the  Early  Richmond  were  again 
planted.  In  1895  the  tallest  trees  of  English  Morello  were 
five  feet  high,  and  the  tallest  of  Early  Richmond  were  six 
feet,  eleven  inches.  These  two  varieties  are  very  promising 
at  Lander. 

Pears. 

From  Spear's  nursery  w^ere  obtained  three  Gakovska 
and  three  Bessemianka,  and  from  Shields'  six  each  of  Keif- 
fer,  Flemish  Beauty,  Bartlett,  Clapp's  Favorite.  Those 
which  seem  to  be  the  most  hardy,  in  their  order,  with  the 
height  reached  by  each,  are:  Gakovska,  eight  feet,  eight 
hiches;  Bessemianka,  seven  feet,  two  in(;he8;  Flemish  Beau- 
ty, seven  feet,  nine  inches;  Keiffer,  eight  feet,  six  inches; 
Clapp's  Favorite,  seven  feet.    Bartlett  does  not  seem  to  be 

—(14) 


1 1 2  Wyoming  Experiment  Station. 

hardy.    Three  Clapp's  Favorite  and  one  Flemish  Beauty 
were  also  set  out  in  the  spring  of  1894. 

Plums. 

The  following  varieties  obtained  from  Shields'  were  set 
out  in  June,  1892.    The  trees  were  three  years  old. 

6    Abundance — Highest  trees  4  ft.,  8  in. 

5  De  Soto — Bloomed  in  1893;  ripened  some  fruit  in 

1895;  tallest  trees,  7  ft.,  10  in.;  hardy. 

6  Weaver— Tallest  trees,  6  ft.,  3  in. 
6    Hawkeye — Tallest  trees,  7  ft. 

The  following  varieties  from  Spear  were  set  out  in  May, 
1892.    Most  of  them  were  dead,  or  nearly  so,  when  received. 

1  Botan — Same  as  Abundance. 

2  Chabot. 

3  Simmons  (?)    Probably  Simon. 
1    Simon. 

4  Pottawattamie. 

From  O.  D.  Shields  and  set  out  in  spring  of  1894: 
1    Hawkeye. 
1    De  Soto. 

Of  the  varieties  tried,  the  De  Soto,  Weaver,  and  Hawk- 
eye  have  proven  most  hardy. 

Quinces. 

Two  trees  each  of  the  Champion  and  Mammoth  quince 
were  planted,  but  they  did  not  live  the  first  year,  and  -under 
the  conditions,  no  conclusions  can  be  drawn  as  to  whether 
they  will  or  will  not  succeed. 

QBAPEB. 

At  the  time  the  vineyard  was  planted,  little  confidence 
was  placed  in  any  of  the  varieties  succeeding.  Letters  from 
Fremont  county  stated  that  all  small  fruits,  with  the  ex- 
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ception  of  grapes,  would  succeed.  Some  of  the  varieties  are 
bearing  excellent  crops  and  have  proved  early  enough  to 
mature  the  fruit  before  the  time  of  frost.  The  vineyard  is 
located  on  the  first  bench  above  the  river  bottom.  Our  illus- 
tration gives  a  very  good  idea  of  its  appearance  in  the  sum- 
mer of  1895,  which  was  the  second  season  any  fruit  was 
borne. 

The  vines  have  been  protected  through  the  winter  by 
being  covered  with  earth.  The  vines  are  laid  down  about  the 
10th  of  November  and  uncovered  the  last  of  April.  They  are 
fastened  up  to  stakes  during  the  summer  and  given  clean 
cultivation.  The  record  of  each  variety  up  to  the  season  of 
1897  is  given  separately. 

CONCORD. — Seventv-one  vines  one  vear  old  were  ob- 
tained  from  Green's  nursery,  Rochester,  N.  Y.,  and  set  out 
in  May,  1892.  Twenty-five  of  them  died  the  first  year,  but  the 
others  made  good  growth.  Thirteen  vines  obtained  from 
Lovett  of  New  Jersey  were  set  out  at  the  same  time  and  all 
lived.  During  the  second  winter  fifteen  more  of  the  vines 
died.  In  the  summer  of  1894,  eleven  pounds  of  fruit  ma- 
tured, ripening  from  September  15th  to  22nd,  and  were  pro- 
nounced of  excellent  quality.  In  1895,  when  the  photograph 
from  which  the  illustration  was  made  for  that  year  was  ta- 
ken, the  vines  had  well-formed  bunches  of  fruit.  The  grapes 
were  just  beginning  to  ripen  September  7th,  at  the  time  of 
the  frost.   We  have  at  hand  no  record  of  the  grapes  for  1896* 

In  1897  the  Concord  bore  heavily,  as  is  shown  in  our  il- 
lustration taken  this  fall.  This  picture  also  illustrates  the 
increase  in  productiveness  since  1895.  We  have  no  record 
of  the  amount  produced  by  each  vine  or  of  the  number  of 
vines  which  have  lived  through  each  winter  since  1894. 

« 

WYOMING  RED.— Eighteen  vines  from  Rochester,  N. 
T.,  were  planted  in  May,  1892.  Four  of  these  died  the  first 
year  and  two  died  the  second  year  after  planting.    The  oth- 
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era  made  good  growth  and  bore  the  first  fruit  in  1894,  when 
four  pounds  of  grapes  ripened.  In  1895  there  were  well 
formed  bunches  of  grapes  on  the  vines,  but  they  did  not 
ripen  before  the  frost  killed  them  on  September  7th.  We 
have  no  record  for  1896,  but  this  season  they  bore  heavily, 
as  can  be  seen  by  referring  to  our  illustration  made  from  a 
photograph  this  year.  The  Wyoming  Red  ripens  about  the 
same  time  as  the  Concord,  and  these  two  varieties  have  been 
more  successful  than  the  others  tried.  From  the  two  vari- 
eties, sixty-five  pounds  of  fruit  was  harvested  this  season. 

BRIGHTON. — Twelve  vines  from  Lovett  were  set  out  in 
May,  1892.  All  lived  the  first  season.  Seven  vines  died  the 
second  winter,  and  no  fruit  was  formed  in  1894.  In  1895, 
when  our  photograph  was  made,  a  few  bunches  were  formed, 
but  they  did  not  mature.  We  have  no  later  report  upon 
this  variety. 

MOORE'S  DIAMOND.— Ten  vines  from  Lovett  were 
set  out  in  May,  1892.  These  lived  the  first  season,  but  six 
died  during  the  second  winter.  A  few  scattering  grapes 
ripened  on  September  22, 1894.  In  1895  there  were  some  fair 
bunches  of  grapes  (see  illustration)  but  they  did  not  mature. 

DELAWARE. — Twelve  vines  from  Lovett  were  planted 
in  May,  1892.  None  died  the  first  season,  but  the  second 
winter  nearly  all  died,  as  they  were  not  covered  deeply 
enough  with  soil  to  keep  them  from  drying  out.  In  1895 
there  were  well  formed  bunches  of  grapes,  as  shown  by  illus- 
tration. These  did  not  fully  mature,  but  were  ripening  at 
the  time  of  the  frost,  September  7th.  The  variety  has  not 
been  reported  upon  since  1895. 

MARTHA. — Thirteen  vines  from  Lovett  were  planted 
in  May,  1892.  These  lived  the  first  season,  but  most  of  them 
died  during  the  second  winter,  as  they  were  not  covered 
deeply  enough.    In  1895  the  vines  left  set  a  few  bunches  of 
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grapes  (see  illustration)  ,but  these  failed  to  ripen  before 
frost.   This  variety  has  not  been  report:ed  since  1896. 

GREEN  MOUNTAIN. — Seven  vines  from  Lovett  were 
planted  in  May,  1892.  These  lived  through  the  first  year, 
bat  all  died  the  second  winter  because  they  were  not  covered 
deeply  enough. 

SMALL  FRUITS. 
Blackberries  and  Dewberries. 

The  first  three  varieties  of  blackberries  given  in  Table 
I  were  obtained  from  Peter  Henderson,  New  York;  num- 
bers four  to  eight,  inclusive,  from  Lovett,  New  Jersey,  and 
nnmber  nine  from  Shields,  Colorado.  The  Dewberries  were 
obtained  from  Shields,  Colorado. 

In  Table  III,  those  varieties  of  blackberries  with  an  as- 
terisk following  their  names  were  frosted  on  September  7th 
while  much  of  the  fruit  was  still  green.  The  last  three  vari- 
eties, of  which  the  yields  are  not  given,  produced  some  fruit, 
but  the  frost  prevented  the  greater  portion  of  it  from  ma- 
turing. 

Table  IV  gives  the  results  in  1895  with  the  dewberries. 
Both  varieties  produced  large,  fine  fruit,  but  the  Mammoth 
is  the  most  prolific.  Of  the  varieties  of  blackberries  tried, 
the  Early  King  and  Stone's  Hardy  are  best.  Our  illustra- 
tions show  the  character  of  the  fruit.  None  of  the  varieties 
produced  large  yields  until  the  third  season  after  planting. 

Table  I. — Blackberries,  Lander,  i8g4. 


1 

d!       ^''"**y-              setSut. 

r 

No. 
•et  out. 

No. 

died 

first 

year. 

No. 

died 

second 

year. 

Date 

first  ripe 
inlg94. 

Remarks. 

1    Wflson,  Jr  .  .   . 
I    Erie.  ...   . 

3  Lavion  .... 

4  Lorett's  Best  . 

5  Child's  Tree.  . 
e    EariylCing.  . 

7  Early  ftarvest . 

8  Stooc's  Haniy. 

9  Rixtatinny.  .   . 

May,  1992 
<«        •( 

«        *t 

*»       «( 

•<        t< 
•<        <• 
*•        ** 

June,    " 

24 
13 
16 

7 

6 

26 

28 

12 

7 

■  t      *      • 

•  ■       •      • 

12 

•  ■      •      ■ 

■  •      «      ■ 

•  ■      •      • 

2 

•  •      •      • 

9 
4 
\ 
1 
4 
6 
16 
4 
4 

Aug  5 

Aug.  13 

No  fruit 

Aug.  8 
<• 

July  23 
No  fruit 
Aug.  8 

Berries  large,  canes  stiff. 

Not  hardy. 
Good  quality. 
A  few  berries. 
Earliest. 

Very  prolific. 

-(15) 
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Table  II. — Dewberries,  Lander ,  i8g4. 


Variety. 


Lucretia  . 
Mammoth. 


Date 
set  out. 


No. 
•et  out. 


May,  1892 


No. 

died 

fint 

year. 


13 
12 


11 

9 


No. 

died 

second 

year. 

•      •      ■      • 


I 


Dau 
first  ripe 
io  1894. 


Remarks. 


A  lew  Denies. 
Very  large. 


Table  \\\,—B/ackberries,  Lander,  iSgs, 


Variety. 


In  bloom. 


Early  King June  12 

Wilson  Jr.* "22 

Stone's  Hardy* '  July  4 

Lawton* '  June  25 

Erie* I      •*     " 

Lovett's  Best* ••     •* 


First 
ripe. 


July  24    -  Sept.  25 
Aug.  14    \     **       7 
♦•    23 


Yield 
per  acre 
in  quarts. 


5 
20 


«« 


1278 

524 

1118 


Table  IV. — Dewberries,  Lander,  i8gs* 


Variety. 


In  bloom. 


Mammoth i  June  22 

Lucretia i      "     " 


Last 
picked. 


Sept.  5 


Yield 

per  acre 

in  quarts. 

2023 
1*231 


Currants. 
The  following  varieties  obtained  from  Lovett  were  set 
out  in  May,  1892.    None  died  the  second  year. 

No.  Died 

planted.  first  year 

White  Grape 24  0 

Red  Cherry 31 

Lee's  Prolific 24 

Holland 13 

Black  Naples 12 

Crandall   27 


7 
1 

0 

0 
♦> 


Age 
ofplanu. 

2  years 

1  year 

2  years 
1  year 
1  year 


2  years 


In  1894  the  White  Grape,  Red  Cherry,.and  Lee's  Prolific 
bore  fruit.  The  White  Grape  was  very  productive,  ripening 
June  30.  The  Red  Cherry  was  ripe  July  12.  The  '^crickets," 
(a  species  of  grasshopper  belonging  to  the  genus  Anabrus) 
which  were  so  destructive  in  1894  in  the  Lander  valley,  de- 
stroyed the  larger  part  of  the  fruit  of  the  White  Grape  cur- 


CRYSTAL  WHITE  BLACKBERRIES.     Lander,  1845. 


DEWBERRIES.     I.  LuCTCtia,    1,  Mammoth.     Lander,  ■««. 
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rants.    The  strong  flavor  of  Lee's  Prolific  prevented  the 
crickets  from  bothering  them. 

Following  is  a  report  upon  each  variety  fruiting  in 
1895: 

HOLLAND.— This  is  similar  to  the  old  White  Dutch. 
The  fruit  is  white  and  transparent.  It  was  all  ripe  and 
picked  July  17th.  The  crop  was  not  heavy,  the  yield  being 
at  the  rate  of  2722  quarts  per  acre. 

WHITE  GRAPE.— Fruit  was  ripe  and  harvested  July 
18th.  Berries  are  white,  transparent.  This  variety  gave 
the  heaviest  yield,  producing  at  the  rate  of  11,570  quarts 
per  acre. 

RED  CHERRY. — Berries  are  large  and  red.  They  were 
ripe  and  harvested  on  July  19th.  This  variety  yielded  at  the 
rate  of  7260  quarts  per  acre. 

LEE'S  PROLIFIC— The  berries  are  large  and  black, 
with  a  strong  odor  and  flavor  unpleasant  to  many.  They 
were  ripe  and  harvested  July  25th.  The  yield  was  at  the 
rate  of  4310  quarts  per  acre. 

BLACK  NAPLES.— This  variety  is  much  like  Lee's  Pro- 
lific, the  berries  having  much  the  same  odor  and  flavor. 
They  were  harvested  July  25th,  and  yielded  at  the  rate  of 
1533  quarts  per  acre. 

(Gooseberries. 

DOWNING. — Twenty-four  plants  obtained  from  Lov- 
ett's  nursery  of  New  Jersey  were  planted  in  May,  1892.  The 
plants  w^ere  one  year  old  when  set  out.  Six  of  the  number 
died  the  first  year.  In  1894  some  fruit  was  produced,  which 
was  ripe  by  July  20.  In  1895  the  berries  were  harvested 
August  13.  The  yield  was  at  the  rate  of  13,159  quarts  per 
acre.  The  berries  are  light  green  when  ripe,  large,  and  of 
excellent  quality.  The  bushes  have  proved  to  be  hardy  and 
prolific.  The  superintendent  says  "this  is  the  gooseberry 
to  grow  for  profit."    The  illustration  of  this  variety  shows 
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'brancheB  loaded  with  fruit,  some  of  the  berries  measaring 
nearly  three-fourths  of  an  inch  in  diameter. 

GOLDEN  PROLIFIC— Six  one-year-old  plants  were 
obtained  from  Lovett  and  set  out  in  1892.  One  of  them 
-died  the  first  year.  On  July  20,  1894,  some  fruit  ripened. 
The  berries  were  very  large  but  the  bushes  made  poor 
growth. 

SMITH'S,  INDUSTRY,  AND  HOUGHTON.— Twelve  of 
each  of  these  varieties  were  obtained  from  Spear  of  Colo- 
rado and  were  planted  in  May,  1892.  Nearly  all  of  them  died 
the  first  two  years  and  none  of  them  succeeded.  As  the  last 
two  have  been  hardy  in  other  parts  of  the  state,  we  think 
they  should  be  given  further  trial. 

Easpberries. 

No  fruit  was  obtained  until  the  season  of  1894.  Those 
'which  died  during  the  previous  winter,  as  indicated  in  the 
table,  were  not  covered  deeply  enough  with  earth  to  save 
them.  Miller's  Daily  and  Mammoth  Cluster  did  not  grow 
after  being  set  out.  Of  the  red  varieties,  the  Turner  and 
Hansel  are  best.  They  are  both  prolific  and  of  good  quality. 
Early  Prolific  was  the  earliest  and  most  prolific  variety,  but 
the  berries  are  not  of  so  good  a  quality,  as  they  crumble 
when  picked. 

Among  the  blackcaps,  the  Lovett  was  earliest,  and  a 
very  good  cropper.  Kansas  and  Progress  were  most  prolific 
and  Gregg  one  of  the  finest  in  quality. 

The  Golden  Queen  and  Caroline,  which  are  yellow  va- 
rieties, seem  much  alike,  as  shown  in  the  illustration.  We 
dbdtinguish  no  difference  in  time  of  blossoming,  time  of 
ripening,  length  of  fruiting  season,  color,  quality,  or  ap- 
X)earance  of  the  canes.  However,  the  Golden  Queen  has 
seemed  more  thrifty  and  has  been  more  prolific  than  the 
CJaroiine.  Some  of  the  varieties  which  died  from  being  in- 
isufficiently  covered  in  winter  will  undoubtedly  prove  of 
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value.  There  is  a  good  demand  for  raspberries  in  tlie  Lan- 
der market.  Those  marketed  in  1894  sold  for  33  1-3  cents 
per  quart. 


Raspberries,  i8g4. 


Variety. 


No. 
planted 


Obtained 
from. 


No. 
died. 


Rid— 

Tomer 

Early  Prolific.  .    . 

Hansel 

Brandywine   .    .    . 

Everbearing  .    .    . 

Cuthben 

Ybux>w— 

Golden  Queen.  .   . 

Caroline 

firinkie's  Orange  . 
Black— 

The  Loveit.    .   .    . 

Ada 

Gregg 

Kansas 

Ohio 

Mammoth  Cluster. 

Progress 

Everbearing  .   .    . 

Miller's  Daily.  .   . 

Soofacgan 

Longress 


25 
15 
25 
27 
14 
23 

26 
15 
10 

12 
24 
24 
12 
12 
24 
14 
12 


24 
14 


I  Loveit 
•• 

;  Henderson 

I  •' 

.Shields 

I        " 

,  Loveti 

I  Henderson 

I  ' ' 

Ix>vett 

«4 
<< 
«< 

Spear 

Henderson 
Shields 


All 
All 


All 


All 
All 
All 
All 
All 
All 


Date  ripe. 
1804. 


fuly  8 
June  30 
(uly  12 
fuly  12 


Aug.  2 


i 


uly  8 
uly  27 
uly  27 
July  12 


JulyH 


Remarks. 


Prolific 
Elarly 

One  of  best. 
Good. 


Large.  Good. 


Good. 
Only  a  few. 
One  of  best. 
One  of  best. 


Productive. 


Raspberries,  i8gs- 

Variety. 

In 
bloom. 

First 
ripe. 

Last 
picked. 

Yield 
per  acie 

in 
quarts. 

Rk©— 
Brandywine 

June  22 

"     12 
<<      •• 

<(      i< 
"     15 

"     22 
**      •« 

"     15 
It      It 

*'     12 
"     15 

July  20 
"       8 
••       6 
••       8 
••      13 

•'     25 
"     24 
•■     15 
••     IS 
••     20 

..       7 
•'     10 

Aug.  21 

"      17 
if       (• 

•'      21 
"      17 

"      21 
«i      11 

"     17 
..       7 

Sept.  7* 

<i          4t^ 

1005 

Iklariboro 

1746 

Eariy  Prolific 

3289 

Hnmrl                          

2259 

Tomer 

3160 

Black— 

Ada. 

1815 

Gr^ 

876 

Pnosress  

2674 

Kansas •   . 

2425 

Lovett 

1705 

Yiujow— 
Golden  Queen 

3131 

Caroline 

1149 

^Frosted  Sept.  7th.     There  was  still  some  green  fruit  on  bushes  at  this  time. 

Japanese  Wineberry. 

Our  exx)erience  with  this  berry  does  not  indicate  that 
it  will  be  profitable  to  grow  for  market.  The  plants  did  not 
come  into  bearing  nntil  the  third  season  after  setting  them 

^i6) 
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out  and  then  only  under  favorable  conditions.  The  first 
fruit  was  produced  in  1895.  The  blossoms  withstood  heavy 
late  frosts  in  the  spring  as  well  as  those  of  the  blackberries 
or  other  raspberries.  The  yield  was  at  the  rate  of  984  quarts 
per  acre. 

As  we  stated  in  "American  Gardening"  of  April  18^ 
1896,  the  delicate,  juicy,  sub-acid  berries  are  most  delicious. 
The  calyx  of  the  flower  protects  them  from  dust  and  insects 
until  the  time  of  ripening,  when  the  calyx  leaves  open  and 
disclose  a  morsel  tempting  to  the  eye  and  palate.  This  is 
very  well  shown  in  the  illustration  of  a  fruiting  branch 
which  we  have  obtained  through  the  courtesy  of  the  pub- 
lishers of  "American  Gardening."  We  also  show  a  picture 
of  a  box  of  the  fruit  which  was  made  from  one  of  our  own 
photographa  and  published  in  "American  Gardening."  A 
few  bushes  for  home  use  should  be  planted  in  a  sheltered  cor- 
ner of  every  garden.  They  will  repay  a  great  amount  of 
care  and  patience;  and  the  sensation  produced  by  seeing 
and  eating  the  first  berries  to  ripen  will  be  a  pleasant  expert- ' 
ence  to  aJl  lovers  of  the  rare  and  beautiful.  The  berries  are 
too  soft  to  ship  well,  but  could  be  produced  for  local  market. 
The  yield  produced  in  1895  would  sell  for  nearly  |300  per 
acre. 

Strawberries. 

Thirty-five  varieties  were  planted  in  May,  1892.  Twelve 
varieties  obtained  from  Peter  Henderson  were  pot  grown 
plants.  These  were  so  tender  that  only  a  few  of  each  lived 
the  first  year.  The  bed  was  kept  clean  in  the  summer  of 
1892  by  frequent  hoeing.  In  the  fall  the  native  fox-taiJ  was 
allowed  to  grow  up  in  the  bed.  This  was  frosted  before  the 
seed  ripened  and  made  a  very  good  protection  for  the  straw- 
berries during  the  winter.  Those  varieties  which  did  not 
fruit  in  1893  were  Prince  of  Berries,  Perry,  Jucnnda  Im- 
proved, Edgar  Queen,  Stevens,  Florence,  Lovett's  Early, 
Jennings'  White,  Nectar,  and  Iowa  Beautv. 


EDOAR  QUEB^  STRAWBERRY,  Natural  Siie.    Lander,  1S97. 
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The  varieties  that  fruited  but  did  not  produce  heavy 
crops,  were  Jessie,  Charles  Downing,  Beebe,  Ganda,  Mitch- 
el's,  and  Belmont. 

The  varieties  which  produced  heavy  crops  in  1893  were 
Warfleld,  Bubach,  Mammoth,  Sharpless,  Gold,  Cloud,  Par- 
ker Earl,  Shuster's  Gem,  Wilson,  Lady  Rusk,  Captain 
Jack,  Viola,  BidweU,  Triumph,  Crescent  Seedling,  Man- 
chester, Cumberland,  and  Staymen's  No.  1. 

In  the  winter  of  1893  the  strawberries  were  given  a 
light  mulch  of  stable  manure.  No  report  upon  them  is  at 
hand  for  1894,  as  the  crickets  destroyed  nearly  everything 
that  season.  In  the  spring  of  1895  the  blooming  and  setting 
of  fruit  gave  promise  of  a  large  yield  of  berries,  but  the  late 
heavy  frosts  killed  the  blossoms  and  dwarfed  the  berries 
which  were  formed.  But  few  berries  matured,  and  those 
which  did  ripen  were  small  and  woody.  This  was  true  of  all 
varieties.  The  same  strawberry  bed  was  kept  over  and  gave 
a  good  crop  of  berries  the  past  season. 

The  record  for  1897  is  given  in  the  table.  The  yields  ob- 
tained and  the  size  and  quality  of  the  berries  show  that  a 
strawberry  bed  may  be  kept  longer  than  two  or  three  fruit- 
ing seasons.  However,  the  accidents  that  prevented 
heavy  crops  of  berries  in  1894  and  1895  may  have  left  the 
plants  in  better  condition  for  a  full  crop  as  late  as  1897.  The 
table  gives  the  earliness,  season,  size,  shape,  flavor,  shipping 
qualities,  and  productiveness  of  the  varieties  that  have 
su<5ceeded  best. 

Not  enough  strawberries  are  raised  to  supply  the  Lan- 
der market.  This  season  many  crates  from  other  states  were 
shipped  to  Lander,  being  carried  over  130  miles  by  stage. 
They  are  of  such  easy  culture  and  succeed  so  well  that  no 
one  should  send  money  out  of  Fremont  county  for  them, 
nor  should  they  be  satisfied  with  stale,  dusty  berries  8hip}>ed 
from  such  distances. 


CAPT.JACK  8TRAWBERRY,  Nati 


BID  WELL  STRAWBERRY.  Nutun 
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FRXHT  GB0WEB8  IN  FEEMONT  COUNTY 
AND  THEIE  SUOOESS. 

Those  farmers  who  have  succeedc  d  in  fruit  raisiug  in 
the  vicinity  of  Lander  so  far  as  we  can  learn  are  Mr.  R.  H. 
Hall,  Mr.  J.  B.  Houghton,  Mr.  J.  S.  Meyer,  Mr.  Nickerson, 
Mr.  F.  Nichol,  Mr.  E.  Twet^d,  and  Mr.  Ed.  Young.  We  un- 
derstand that  Mr.  Hall  has  been  raising  small  fruits  a  uum^ 
ber  of  years  and  has  some  fruit  trees  planted.  Mr.  J.  S. 
Meyer  has  raised  quantities  of  small  fruits  and  planted  quite 
an  extensive  orchard  which  has  been  bearing  for  a  number 
of  years.  We  call  attention  to  the  illustrations  of  trees  in 
his  orchard,made  from  phot  ograplis  taken  in  1895.  The  Duch- 
ess apple  tree  shown  has  produced  heavy  crops  of  very  large, 
perfect  fruit  for  a  number  of  years.  Mr.  Meyer  gives  a  brief 
account  of  his  experiments  with  fruits  in  the  following  let- 
ter, written  September  9,  1897. 

Letter  from  Mr.  J.  8.  Meyer. 

"I  find  from  experience  that  fruit  can  be  grown  in  the 
Lander  valley  at  an  altitude  of  5300  feet,  and  while  we  have 
some  difficulties  to  overcome,  the  more  experience  we  have, 
the  more  successful  we  will  be  in  getting  our  orchards  to 
bearing. 

"I  fully  expected  that  by  this  time  we  should  be  able  to 
determine  from  trees  set  out  on  the  Lander  Experiment 
Farm  and  my  own  farm  such  varieties  as  would  be  a  success 
here,  but  unfortunately,  September  20,  1895,  the  thermome- 
ter dropped  to  within  12  degrees  of  zero,  while  our  trees 
were  in  full  leaf  and  the  sap  up,  which  resulted  in  killing  t:ll 
trees  that  were  planted  as  late  as  189.S.  In  my  home  orchard 
I  lost  50  per  cent  of  trees  planted  in  1892  and  75  per  cent 
of  those  set  out  a  year  later.  My  older  trees  that  were 
planted  prior  to  1892  were  damaged  but  little,  which  goes 
to  prove  that  had  we  begun  planting  trees  earlier  we  would 
today  be  growing  apples  in  abundance. 

I  have  eight  trees  that  were  set  out  in  1885  which  have 
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not  mlRsed  bearing  the  last  six  or  seven  years.    In  no  country 
J  could  they  have  done  better  than  here;  in  fact,  the  trees  are 

I  always  too  full  of  fruit. 

The  varieties  consist  of  Duchess  of  Oldenburg,* 
Wealthy,  Briar  Sweet,t  Soulard  Crab,  and  the  Siberian 
Crab.  I  have  this  year  apples  growing  on  trees  that  were 
planted  in  1892  and  1893  of  the  following  varieties  that 
withstood  the  September  freeze  of  1895,  and  are  very  pnun- 
ising:  Wealthy.  Duchess,  Yellow  Transparent,  Wliituey, 
8oulard  Crab,  Mnrtha  Crab,  Montreal  Beauty  Crab,  the 
last  being  the  hardiest  and  most  prolific  of  the  crab  va- 
rieties. 

**The  following  trees  put  out  in  the  spring  of  1893  with* 

stood  the  freeze  of  September,  1895,  with  losses  as  fol- 
lows: Wealthy,  15  per  cent;  Duchess,  30  per  cent;  Ben 
Davis,  20  per  cent;  Yellow  Transparent,  30  per  cent;  Mar- 
tha Crab,  25  per  cent;  Soulard  and  Montreal  Crab,  15  ]>er 
cent.  With  the  small  loss  of  the  above  varieti<*s  we  have 
four  standard  varieties  and  three  crabs  that  have  been  test- 
ed and  found  all  right  for  this  climate  and  altitiule,  and 
which  I  would  not  hesitate  to  recommend  for  planting  by 
anyone  who  will  give  them  reasonable  care. 

"I  have  grown  very  successfully  for  a  number  of  years 
quite  a  variety  of  small  fruits,  viz.:  Blackberries,  i*aspber- 
ries,  gooseberries,  currants,  strawberries,  and  grapes. 
The  success  with  grapes  this  year  on  the  Lander  Experiment 
Farm  is  enough  to  convince  anyone  that  all  that  is  necessary 
to  grow  our  own  grapes  is  to  set  them  out  and  give  Th*^m 
the  attention  they  need.  The  following  varieHes  are  loaded 
with  fruit:  Concord,  Wyoming  Rfd,  and  Delaware. 
They  are  grown  without  ditticulty,  as  they  are  so  easily  pro- 
tected in  the  winter.  IMackberries'and  raspberries  )mve  to 
be  covered  with  dirt.    Strawberries  need  vcrv  litth*  winter 

■ 

protection, 

•Called  Qldrnburx  in  other  parts  of  this  bulletin. 
fAbo  known  as  Van  Wyck. 
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''*In  conclusion,  I  wish  to  say  that  it  is  a  matter  of  only 

H  few  years  until  the  Lander  valley  is  growing  its  own 

fruit.    Only  a  few  days  ago  1  met  a  neighbor,  Mr.  Ed.  Young, 

on  the  streets  of  Lander  with  a  load  of  apples  of  his  own 

growing. 

"It  has  been  only  a  few  years  since  I  hauled  apples  from 

Holt  county,  Missouri,  to  Lincoln,  Nebraska,  and  at  that 

time  the  people  of  Nebraska  thought  they  could  not  grow 

fruit.    Look  at  the  fruit  produced  there  today!    Wyoming 

cajx  do  even  better,  as  we  have  the  advauta<(e  of  irrigation." 

Mr.  Nickerson,  whose  farm  adjoins  the  experiment 
farm  on  the  west,  has  raised  several  varietic*s  of  apples  with 
success,  and  now  is  making  a  business  of  raising  smuH 
fruits.  Mr.  Ed.  Young,  whose  farm  is  situated  at  the  month 
of  the  Little  Popo  Agie  canon,  above  Dallas,  has  been  very 
successful  with  apples.  In  the  fall  of  1891  he  wrote  ns  that 
his  trees  had  been  overloaded  for  two  years  and  had  not 
winter  killed.  We  visited  his  farm  in  the  fall  of  1895  and 
secured  some  photographs  of  his  trees,  one  of  which  is  repro* 
duced  in  this  report.  In  1894  he  had  about  one  hundred 
trees  in  bearing  of  the  Oldenburg,  Wealthy,  Whitney  Crab, 
Great  Lakes  Siberian  Crab,  Sweet  Russet,  and  Transparent 
varieties,  marketing  that  year  about  5,000  pounds  of  apples. 
The!  same  year  he  had  some  De  Soto  and  Rolling  Stone  plum 
trees  in  bearing. 

At  the  time  of  our  visit,  Mr.  Young  had  between  two 
thousand  and  three  thousand  apple  trees,  three,  four,  and 
five  years  old,  on  his  place,  there  being  over  one  thousand 
Wealthy  and  large  numbers  of  the  following  varieties:  Te- 
tofsky,  McMahon,  Wolf  River,  Hybernal,  Oldenburg,  Trans- 
parent, Sweet  Russet,  Longfleld,  Windsor  Chief,  and  Low- 
land  Raspberry.  There  were  also  some  fine  trees  of  Gakov- 
«ka  and  Bessemianka  pears,  and  Early  Richmond  cherries 
^nd  Russian  apricots.  We  learn  that  Mr.  Young  marketed 
large  quantities  of  apples  in  1896  and  1897. 


Fruit  Growing  in    Wyoming.  127 


SHEE^RMIDA.IM, 


The  agricultural  lands  of  Sheridan  county  consist 
mainlj  of  the  valleys  along  the  streams  and  the  adjoining 
uplands  that  can  be  irrigated  by  ditches  taken  from  these 
Btreams.  The  altitude  is  lower  than  that  of  most  parts  of 
the  state,  much  of  the  land  being  less  than  4,000  feet  above 
sea  level.  The  soil  differs  from  that  of  the  other  parts  of  the 
state.  It  is  alluvial  deposit  or  clay  soil  rich  in  the  inorganic 
plant  foods.  In  places  where  the  drainage  is  poor  the  soil 
contains  a  large  amount  of  alkali.*  The  water  used  for  irri- 
gation is  very  pure  when  it  comes  from  the  Big  Horn  moun> 
tains,  but  in  its  course  across  the  lower  lands  it  takes  up 
considerable  quantities  of  salts  from  the  soil.  That  used 
npon  the  exx)eriment  farm  carries  considerable  alkali.f  The 
character  of  the  soil  and  water  makes  drainage  of  any  land 
to  be  used  for  the  production  of  fruits  an  important  con- 
sideration. The  fertility  of  the  soil,  the  low  altitude,  and 
comparatively  long  summer  season,  the  rolling  character  of 
the  land  and  the  nearness  of  the  Big  Horn  mountains  cause 
conditions  w^hich  make  fruit  raising  about  Sheridan  suc- 
cessful. 


Fruits  Upon  the  Experiment  Farm. 


The  experiment  farm  was  established  in  1891  and  in 
the  spring  of  1892  a  total  of  more  than  one  hundred  sixty-five 
varieties  of  fruits  were  planted.  At  that  time  the  trees  and 
plants  had  to  be  shipped  a  long  distance  by  wagon,  and 
much  of  the  stock  was  en  route  so  long  that  it  arrived  in 

•Sec  BalletiD  No.  6,  "  Soils  of  the  Agricultural  Experiment  Farnu,"  page  19,  and  Bulletin 
So.  14,  "G«>1ogy  of  the  Wyoming  Experiment  Farms,"  page  112. 
tSee  BoUerio  No.  24,  ""Water  Analyses,"  page  117. 
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poor  condition  and  did  not  grow  after  being  planted.  How- 
ever, a  few  of  nearly  all  varieties  were  saved,  so  we  are  able 
to  report  most  of  them.  The  fruit  plats  have  a  gentle  slope 
toward  the  west  and  north. 

THE  OEOHABD. 

The  trees  in  the  orchard  which  lived  after  being  set  ont 
and  through  the  first  year,  ma^e  good  growth  and  were  in 
excellent  condition  in  the  fall  of  1895.  In  the  latter  part  of 
August  of  that  year  several  rains  occurred,  which  caused  the 
8ap  to  increase  in  the  trees,  and  the  sudden  storm  and  freeze 
of  September  20th  killed  nearly  all  the  young  trees.  The 
storm  had  the  same  effect  as  was  produced  at  Lander, 
older  orchards  in  the  county  not  being  injured  to  so  great 
an  extent.  Some  of  the  trees  were  so  injured  by  rabbits 
during  the  first  two  years  that  they  died  from  the  effects. 

Apples. 

Following  is  a  list,  giving  the  number  of  each  variety 
planted  in  the  spring  of  1892:  Four  Whitney  Crab;  four 
OeneraJ  Grant,  four  Transcendent  Crab,  four  Martha  Crab, 
ten  Hyslop  Crab,  twelve  Oldenburg,  twelve  Wealthy,  twelve 
Tetofsky,  twelve  Ben  Davis,  and  six  each  of  Red  Astrachan, 
McMahon,  Wolf  River,  Yellow  Transparent,  Willow  Twig, 
Early  Harvest,  St.  Lawrence,  Wine  Sap,  Pennock,  Lawver, 
Red  Transparent,  and  Bailey's  Sweet. 

On  account  of  the  condition  of  the  stock  when  received, 
the  number  of  each  left  alive  does  not  indicate  hardiness, 
and  is  omitted.  As  the  trees  died  their  spaces  were  filled  in 
by  plantings  of  other  varieties,  but  we  have  no  reports  show* 
ing  just  what  has  been  done. 

In  1895  the  orchard  presented  a  good  appearance.  The 
trees  were  thrifty.  General  Grant,  of  which  we  show  a  pic- 
ture of  the  row  of  trees,  was  in  bearing.  Martha  Crab  also 
produced  some  fruit,  and  one  Ben  Davis  tree  produced  a 


OEN.  GRANT  CRAB  TREES.     ShcHdan.  i>» 
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single  apple.  A  number  of  trees  of  each  of  the  following 
varieties  were  set  out  in  1895,  having  been  obtained  from 
O.  W.  Barlow  of  Sheridan:  Northwest  Greening,  Yellow 
Transparent,  Pewaukee,  Wealthy,  Haas,  Huntman's  Favor- 
ite, Mcintosh  Red.  The  trees  which  were  killed  in  the  fall 
of  1895  were  all  removed  the  following  spring  and  none 
have  been  replaced  on  the  farm  since  that  time. 

Oherrids. 
The  following  varieties  were  planted  in  1892 :  Six  Os- 
theim,  three  Little  Phil,  six  English  Morello,  three  Sport 
Amorilla  (?),  six  Early  Richmond.  None  of  these  have  been 
hardy  enough  to  withstand  the  winters  and  bear  fruit.  The 
roots  live,  but  the  tops  die  down  to  the  ground  each  year. 

Pears. 

The  pears  were  not  hardy,  nearly  all  of  them  dying  to 
the  ground  each  winter.  Flemish  Beauty  was  the  only  vari- 
ety which  had  made  a  well  formed  tree  in  1895. 

Plums. 

Forest  Garden,  Weaver,  Quaker,  Wolf,  Hawkeye,  De 
Soto,  Abundance,  Mooney,  Blood  Golden,  Yellow  Egg,  Green 
Crage,  Toronto,  Lombard,  and  Marianna  have  been  tried. 
The  Marianna,  Lombard,  Green  Gage,  and  Mooney  blos- 
somed and  set  fruit  in  1895,  but  the  late  frosts  caused  them 
to  fall  off,  so  none  were  matured.  Our  illustration  shows 
the  Mooney  plum  tree  at  that  time.  These  varieties  seem  to 
be  hardy  and  should  be  given  further  trial. 

GBAPES. 

■ 

No  grapes  have  been  reported  as  maturing  fruit,  though 
in  1895  good  bunches  of  grapes  were  formed  on  Green 
Mountain  and  Brighton.  The  vines  were  injured  by  the 
frost  of  May  28, 1895.  The  varieties  which  have  been  most 
iardy  are  Green  Mountain,  Brighton,  Concord,  Delaware, 
and  Martha,  in  the  order  named. 
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SMALL  FRUITS. 

Blackberries  and  Dewberries. 

The  blackberries  set  out  in  1892  were  Early  Harvest^ 
Wilson  Jr.,  Wilson's  Early,  Early  King,  Erie,  Lawton^ 
Child's  Tree,  Lovett's  Best,  and  Early  Cluster.  Alll  the 
plants  of  the  last  four  varieties  named  died  the  first  winter^ 
The  following  varieties  have  borne  fruit  in  1895  and  1896: 

SNYDER.— In  1895,  this  variety  came  in  bloom  June  20. 
The  berries  were  ripe  August  10,  but  the  canes  were  not 
prolific.  In  1896,  the  canes  came  into  bloom  June  15.  The 
berries  were  ripe  August  10.  Most  of  the  fruit  was  eaten  by 
birds  and  no  yields  were  noted. 

WILSON  JR. — In  1895,  the  canes  were  in  bloom  June  2. 
The  berries  were  ripe  August  10,  but  the  canes  were  not 
prolific.  The  berries  were  large  and  the  canes  thrifty.  The 
canes  are  very  thorny,  and  while  they  have  a  trailing  habit 
they  are  not  more  easily  handled  and  covered  for  the  winter 
than  other  varieties.  In  1896,  the  canes  came  into  bloom 
June  15,  and  the  berries  were  ripe  August  10. 

EARLY  KING.— This  is  the  best  variety  tried.  In  1895 
it  came  into  bloom  June  1,  and  the  berries  were  ripe  August 
5.  The  canes  are  hardy  and  prolific  bearers,  the  berries  large 
and  of  excellent  quality.  In  1896,  this  variety  was  in  bloom 
June  15,  and  the  berries  were  ripe  August  10. 

MAMMOTH  DEWBERRIES.— This  variety  was  only 
reported  in  1895.  They  bloomed  June  2  and  were  ripe  Au- 
gust 1.  This  was  the  most  prolific  dewberry  in  1895,  yield- 
ing at  the  rate  of  about  2,000  quarts  per  acre. 

LUCRETIA  DEWBERRY.— The  canes  were  in  bloom 
June  2  and  the  berries  were  ripe  August  1  of  1895,  wheik* 
they  bore  a  heavy  crop. 

Currants. 

All  the  varieties  are  hardy  except  Ruby,  which  has  not 
succeeded  well.     The  best  varieties  are  Red  Cherry  and 
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White  Grape.    Lee's  Prolific  has  borne  well,  but  we  think 
Crandall  the  best  black  variety. 

Currants,  i8g^. 


Variety. 


Red  Cheny  . 
Fays  Red.  . 
Ruby  .  .  .  . 
Crandait  .  .  . 
Lee's  Prolific. 
White  Grape 


Date 

Date 

of 

first 

bloom. 

ripe. 

May    1 

July  25 

••    12 

••      20 

'*    12 

••     20 

"    10 

••     20 

a        7 

"     28 

*•      5 

"     25 

Yield 
per  acre, 
gallons. 

3120 


3360 
2290 
3120 


Currants,  /8g6. 


Variety. 


Red  Cherry '  May  12 

Fays  Red 

Roby 

Oandall 

Lee's  Prolific  .  .    _    .  

White  Grape  .    .     _ 


Date 

Date 

of 

first 

bloom. 

ripe. 

4ay  12 

July    1 

"    12 

..       7 

"    10 

"        1 

'•      8 

••     20 

•'    10 

"       6 

..    14 

"       6 

1 

Dates  of 
pickings. 


July 


to  20 
to  20 


2 

7 

1  to  20 
20  to  30 
15  to  20 

7  to  20 


Yield 
per  acre, 
gallons. 

1900 
670 

1995 

1567 

544 


Gk>0Beberrie8. 
Industry  and  Downing  produced  fruit  in  1894,  ripening 
from  July  1st  to  12th.  Th^  Downing  was  more  prolific  and 
better  in  every  way  than  the  Industry.  The  following  ta- 
bles give  the  results  in  1895  and  1896.  Our  illustration 
shows  the  character  of  the  Industry  gooseberry,  the  limbs 
being  raised  to  show  the  fruit.  Golden  Prolific  has  little 
merit.    We  recommend  Downing  for  general  planting. 

Gooseberries,  i8gS' 


Variety. 


IsduSTF)'  .   .     .     . 

Itowoing.   .    .    . 

HottgfatOD    .     . 

Cokfcn  Prolific 


Date 

of 

bloom. 


Date 
first 
ripe. 


Yield 
per  acre, 
gallons. 


Mayl 
*•    2 

"    4 


July  20 
"  10 
••     20 


600 
1800 
1500 


Goosebenies,  i8g6. 


Variety. 


Date 

of 

bloom. 


Indo&try  .  .  . 
DovBiDg.  .  . 
Houghton  .  . 
GoUleB  Prolific 


May  10 
••  13 
"  14 
"     14 


Aug.  1 
July  20 
Aug.  5 
'•    10 


Aug.  1  to  30 
July  20  to  Aug.  30 
Aug.  5  to  25 


Yield 
per  acre, 
gallons. 


2775 
3800 
2385 


—(19) 
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Raspberries. 

As  the  raspberries  have  succeeded  so  well  it  is  regretted 
that  the  varieties  were  so  mixed  when  set  out  that  the  work 
with  them  cannot  be  reported  as  an  accurate  variety  test. 
Since  they  began  to  bear  fruit,  however,  the  varieties  have 
been  located  and  reported  upon  in  such  a  way  that  at  least 
a  part  of  them  are  comparable,  and  the  yields  and  other 
notes  given  in  the  table  for  the  season  of  1895 
indicate  which  have  proven  of  greatest  value.  In  1894,  the 
red  varieties  which  produced  the  most  fruit  were  Hansel^ 
Brandywine,  Cuthbert,  and  Turner.  Of  these,  the  Brandy- 
wine,  Cuthbert,  and  Turner  were  the  most  prolific  and  best. 

Of  the  yellow  sorts,  Caroline  and  Golden  Queen  were 
prolific,  the  first  being  of  excellent  quality. 

The  black  varieties  which  produced  the  largest  crop» 
were  Kansas  and  Progress,  the  Kansas  being  the  most  pro- 
lific. 

In  1895,  the  raspberries  produced  excellent  crops.  In 
the  following  table  we  include  only  those  varieties  which 
were  not  badly  mixed  in  the  rows,  and  their  comparatiye 
earliness  and  productiveness  is  indicated.  The  Shaffer  is  a 
purple  berry  rather  than  black. 


Variety. 

Red— 

Hansel 

Brandywine 

Early  Prolific 

Marlboro 

Vbllow— 

Golden  Queen 

Brinkle's  Orange  • 

Caroline 

Blackcaps — 

Gregg 

Shatter 

Lovett's  Black 

Kansas 


Date 

in 
bloom. 


May  29 
••    29 

June  12 
"     1« 


«• 
<< 


1 
15 
15 

1 

5 
5 


Date 
ripe. 


July  20 

"  20 

••  25 

••  20 

"  20 

••  30 

••  30 

"  25 

"  30 

"  30 

••  30 


Yield 
peracre» 

quarts. 


1060 
1680 
1440 


9eo 

1«^ 
72a 

780 

<X)0 

12S0 

720 


The  superintendent  reported  that  50  per  cent  of  the  red 
varieties  and  80  per  cent  of  the  black  caps  were  killed  by 
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the  storm  of  September  20, 1895.  The  yields  were  compara- 
tively small  in  1896.  The  varieties  being  mixed,  we  cannot 
report  all  of  them,  as  the  results  cannot  be  depended  upon 
where  the  varieties  reported  are  not  true  to  name.  The  fol- 
lowing three  red  varieties  are  the  only  ones  upon  which  the 
data  is  sufficiently  accurate. 

HANSEL. — The  canes  were  in  bloom  June  15  and  the 
first  berries  were  ripe  July  10.  They  were  harvested  from 
July  15  to  28,  and  yielded  at  the  rate  of  886  quarts  per  acre. 

BRANDYWINE. — This  variety  came  into  bloom  June 
17.  The  first  berries  were  ripe  July  13.  They  were  har- 
vested from  July  15  to  28.  and  yielded  at  the  rate  of  555 
quarts  per  acre. 

CUTHBERT.— The  canes  were  in  bloom  June  18.  The 
first  berries  were  ripe  July  10.  They  were  harvested  from 
JoJy  15  to  26,  and  yielded  at  the  rate  of  887  quarts  per  acre. 

Other  varieties  which  produced  good  crops  were  Lov- 
ett's  Best,  Kansas,  Brinkle'S  Orange,  and  Marlboro.  Marl- 
boro is  reportecj  as  mixed  with  Japanese  Wine  berry,  but  as 
the  latter  has  never  borne  fruit  at  Sheridan  we  report  the 
yield  given  for  Marlboro.  While  not  quite  so  early  as  Han- 
sel, Brandywine,  or  Cuthbert,  the  Marlboro  produced  the 
heaviest  crop  of  any  berry  reported  in  1896,  the  yield  being 
1425  quarts  per  acre.  We  show  illustration  of  two  varieties 
of  raspberries  at  time  of  harvest  in  1896. 

Cost  and  Profit. 

The  yields  computed  by  Superintendent  Lewis  for  the 
two  seasons,  1895  and  1896,  give  an  average  from  all  varie- 
ties grown  of  953  quarts  per  acre.  The  market  price  was  25 
cents  per  quart,  giving  an  average  value  of  f2.38.25.  Mr. 
Lewis  estimated  the  cost  of  picking  at  two  cents  per  quart, 
but  we  think  this  too  low.  We  believe  five  cents  per  quart 
would  be  a  fair  estimate  of  the  expense  of  boxes,  and  picking 
and  crating  the  berries.    Mr.  Lewis  estimates  the  cost  of 
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Taising  an  acre  of  raspberries  at  |18.  This,  with  the  total 
-expense  of  picking  and  marketing  the  berries  would  make 
the  cost  per  acre  |65.65.  It  must  be  remembered  that  the  es- 
timate of  yield  given  is  an  average  of  a  large  number  of 
varieties,  among  which  are  many  kinds  which  are  very  poor 
Yielders,  and  any  one  raising  a  few  of  the  better  kinds  would 
obtain  much  greater  yields. 

However,  this  low  average  gives  the  following  profit: 
Average  vield  per  acre  of  all  varieties  for  two  years 

9G3  quarts— value  in  local  market *  j?"^? 

Total  cost,  including  picking  and  marketing  the  crop    65, 60 

Net  profit  per  acre 5172.60 

STRAWBERRIES. 

Sixtv-two  varieties  of  strawberries  were  set  out,  but  not 
^11  of  them  succeeded,  as  the  pot-grown  plants  were  too  ten- 
der, and  all  died  after  being  transplanted.  The  plants  were 
set  so  far  apart  that  they  did  not  form  matt(>d  rows  until 
after  the  crop  of  1894.  They  were  planted  eighteen  inches 
apart  in  rows  five  feet  apart.  The  table  for  1S1)4  gives  the 
record  as  furnished  by  the  superintendent. 

In  1895  all  the  varieti(  s  bore  a  few  berries  but  the  frosts 
of  May  15,  16  and  28  killed  the  larger  part  of  the  blossoms. 
Otherwise  there  would  have  been  a  heavy  crop.    No  weeds* 
were  allowed  to  grow  in  the  bed  and  the  most  of  ihe  varie- 
ties produced  thickly  matted  rows,  some  of  them  bein^  five 
feet  in  width.     The  earliest  varieties  to  ripen  were  Lov- 
ett's  Early  and  Warfield,  and  those  which  were  most  pro- 
lific and  of  best  quality  were  Gandy,  Warfield,  Jucunda  Im- 
l)roved,   Lovett's  Early,    Iowa   Beauty,   Eureka,    Mitchel's 
Early,  Cresent,  Ilaverland,  Jessie,  Cumberland,  and  Man- 
cliester.    In  1^^9.3  the  Eureka  produced  large  fruit,  a  single 
berry  measuring  seven  inches  in  circumference  and  weigh- 
ing two  ounces.    In  1894  the  Eureka  and  Gandy  produced 
large  berries,  six  berries  of  each  being  found  which  meas- 
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ored  six  and  one-fourth  inches  in  circumference.  Tn  1896 
the  old  strawberry  bed  gave  larger  yields  from  the  different 
varieties  and  the  data  is  given  in  the  table  for  that  year. 
A  new  bed  was  planted  in  1896  of  which  an  illustration  is 
given. 

Strawberries,  Sheridan,  i8g4. 


Variety. 


Halt's  Minnesota. 
Mhcbel's  Early.  . 
Miner's  Prolific.  . 

Crescent 

OMIronclad.  .  . 
Maachcster.  .  .  . 
Oteu  Pacific.  .  . 
Lady  Rusk  .... 

Kdwell 

Cnrabcrland  .  .  . 
Ciawfcrd    .... 

Skaiple» 

Cant. Jack.  .  .  . 
Boiach  No.  5.  .   . 

Gaudy 

Endca. 

Haveriand  .... 
Monmovtli .... 

Wilson 

Warfield 

Siayman'i  No.  1  . 

Sterens  

Saoster'sGem  .  . 
Io«a  Beauty  .  .  . 
Vioh.  .  .       .   .    . 

Florence 

Juconda  Improved 

Yale 

Standard    .... 


Date  of 

first 
bloom. 


June  10 
8 
10 
12 
12 
15 
9 

"      9 
May  30 


<« 
•< 


June   7 
••      1 


20 
12 


Date 
first 
ripe. 


July    1 

••      2 

June  25 

3.5 

•      •      •      ■ 

4 

•*    27 

July  29 

"      4 

5 

25 

2.5 

June  30 

July    7 
'•      6 

4.5 

•  •      ■      • 

3.5 

•  •      •      • 

•  •      •      ■ 

9 

12 

7 

1 

June  28 


•< 


uly  1 
une25 
uly    3 


10 
10 


Yield 
from 

6  hills. 

quarts. 


Remarks 


4.5 

•       • 

4 

4 


4 
5 
2.5 


2.5 
2.5 


Tender;  winter  kills. 

Large,  smooth,  solid. 

Not  good 

Not  hardy. 

Hardy;  prolific. 

Tender;  poor. 

Vines  tender;  fruit  fine. 

Fruit  large;  rough. 

Poor. 

Tender. 

Prolific. 

Hardy  and  prolific. 

Fruit  soft ;  thrifty. 

Winter  kills. 

Fruit  fine;  plants  tender. 

Fruit  small;  plants  hardy. 

Winter  killed. 

Winter  killed. 

Fruii  fine;  plants  hardy. 

Not  good. 

Winter  killed. 


Cost  and  Profit. 
An  estimate  of  the  cost  and  profit  from  an  acre  of  straw- 
berries at  Sheridan  for  1896  may  be  of  interest.  The  thirty- 
one  varieties  which  gave  yields  large  enough  to  be  recorded 
produced  an  average  of  6,920  quarts  per  acre.  The  prices 
ranged  fram  10  to  15  cents  per  quart.  Taking  the  lowest 
price,  all  varieties,  good,  bad,  and  indifferent,  would  have  an 
average  value  of  t692  per  acre.  The  superintendent's  esti- 
mate of  the  cost  of  raising  an  acre  of  strawberries  is  f93. 
We  think  this  would  set  out  a  new  acre  to  the  very  best 
plants  every  year,  allowing  |4  per  thousand  for  the  plants. 

~(20) 
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Three  cents  per  quart  would  be  a  liberal  estimate  of  the  cost 
of  picking,  boxing,  crating,  and  hauling  to  market,  or  a  total 
of  1208.60  per  acre.  These  figures  would  give  the  lowest 
probable  profit.  A  few  of  the  better  varieties  would  give 
much  better  yields,  and  we  have  allowed  a  liberal  amount 

for  expense. 

Average  value  per  acre  of  crop  from  thirty-one  varie- 
ties at  10  cents  per  quart 1692.00 

Total  cost,  including  picking,  setting  out  new  beds 

each  year,  etc  301 .60 

Net  profit  per  acn* f390T40 

Strawberries,  Sheridan^  i8g6. 


o 
Z 

1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
20 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 


Variety. 


Hart's  MinnesotSi 

Jessie 

Mitchel's  Early  . 
Miner's  Prolific  . 

Crescent 

Old  Ironclad .  .   .   , 
Manchester.  .  .    . 
Lady  Rusk  .   .   . 

Bidwell 

Cumberland..  .    . 
Crawford's  No   1. 

Sharpless 

Capt.  lack  .   .    . 

Buoach  

Gandy 

Eurek.i.  ..... 

Haverland.  ... 

Monmouth.  .    .    . 

WiUon  

Warfield 

Nectar  .       ... 

Gold 

Prince  of  Berries . 
Pine  Apple  ... 
Parker  Earl  ... 
Chas.  Downing  .    , 

Parry , 

Dayton 

Morley 

Crimson  Cluster  .    . 
Stayman's  No.  1.  , 
Stevens  ...... 

Shuster's  Gem  .  .    . 
Iowa  Beauty.  .   .   . 

Viola 

Lovetl's  Early.  .   , 
Edgar  Queen  .   .   . 

Florence 

Jucunda  Improved 

Yale 

Standard 


Date 

in 

bloom. 


May  22 
29 
20 
25 
26 
24 
28 
10 
19 
25 

None 

May  26 
26 

:» 

27 
23 
23 
%\ 
24 
27 
27 
27 
20 
25 
23 
23 

None 

May  26 
"  25 

None 

May  26 
27 
25 
24 
24 
30 
26 
31 
27 


i< 
<< 
t< 
It 

<« 
•< 

<i 
ti 
i< 
li 
.1 


Date 
frosted. 


<< 
II 

•  • 
II 
I  f 
If 
i« 


May  20 
"  20 
"    20 

None 


May  20 

"    20 

None 
<< 

If 

It 

•  < 

<« 

If 


«i 
It 
11 

•  f 

•  < 
•I 
•I 
ti 
If 


Character 
of  plant. 


Large 

fa 

Thrifly 

Small 

Large 


May  20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


II 
It 
If 
1 1 
<f 
•I 
fi 
i( 
1 1 


Very  tender 

Large 

Small;  poor 

I^rge 

Short,  stocky 

Large 
•I 

Weak 

Large 

tender 
If 

<i 

Small 
<i 

Large 

Small:  tender 

Small 
II 

ti 
Tender 

Large 
Large;  tender 

Large 

Short 

Small 

Tall 

Short 

Small 

Very  short 

Tall;  tender 
It         ft 


Date 

first 

ripe. 


it 


ti 


«• 
>i 
t« 


June  20 
"  23 
"  20 
"  28 
"  20 
••  22 
••    28 

None 

Tune  20 

None 

June  25 

24 

24 

23 

21 

21 

20 

23 

28 

26 

uly    1 

une22 

20 

20 

"    25 

••    25 

None 
tf 

June  23 

"    20 

None 

June  23 

"    24 

"    26 

28 

28 

28 

23 

30 

July    1 


I 


af 
If 


11 
ft 

t« 


Date 
last 
ripe. 


July  13 

'•  13 

■        •      a  ■        ■ 

••  13 

••  13 

•*  13 

"  16 


ft 


13 


Ship- 
ping 

quali- 
ties. 


Good 
ft 


tf 
tt 


ft 

13 

•      •      ■      ■ 

f  f 

13 

it 

f< 

12 

<t 

If 

14 

■      •      ■      • 

f« 

13 

.      •    ••      • 

ff 

13 

-      -      .      . 

f  f 

6 

tM 

ft 

8 

■       ■       •        • 

If 

13 

•       •        •        ■ 

If 

6 

Poor 

tf 

10 

•       •       •       ■ 

ff 

13 

•       •       •       ■ 

ft 

9 

•       *       *       • 

ff 

9 

.   .    .    . 

f  f 

6 

•      «       ■       • 

ff 

6 

■       •       •        • 

f  f 

12 

•       ■       ■       • 

ft 

13 

.    .    .    . 

If 

9 

Good 

tf 

15 

ft 

If 

10 

Poor 

ft 

13 

■      •       ■       . 

ff 

18 

■          ■          a           • 

ft 

14 

f| 

«f 

17 

Good 

ft 

9 

*      •       •       • 

Yield 

per 

acre» 

qts. 


7480 
3740 
None 
3740 
6035 
6465 
5010 

None 

t« 

74SO 

None 

790& 

9950 

«oas 

98SO 
^80 
841S 
035O 

74fO 
S415 
1870 
2Ji05 
11220 
4I6& 
5G10 

* 

7480 

9350 

5610 

6885 
60»& 
74190 

loa^ 

,  5610 

1164& 
41CS5. 


♦On  account  of  ihc  very  poor  stand  of  these  varieties,  the  yields  were  not  computed. 
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FBUIT  QB0WEB8  IN  SHERIDAN  OOIJNTT. 

So  many  farmers  in  Sheridan  county  are  raisinjr  smal) 
fruits  in  their  gardens  that  we  do  not  attempt  to  jijive  a  com- 
plete list  of  names.  There  are  some  small  orchards  in  the 
valleys  of  the  Tongue  river,  Little  and  Big  Goose,  Prairie 
Dog  and  Piney  creeks,  from  which  we  have  been  unable  to 
obtain  reports.  We  learn  that  Mr.  Duval  of  Dayton  has  a 
producing  orchard  on  Wolf  creek.  Arthur  H.  Senff  of  Kear- 
ney,  Johnson  county,  has  an  orchard  of  apples,  plums,  and 
cherries.  Thomas  Connolly  of  Big  Red  and  Dell  M.  Rjiy  of 
Banner,  are  raising  apples.  M.  L.  Sawin  of  Sheridan  has 
raised  fruits  for  a  number  of  years  for  the  Sheridan  and  Buf- 
falo markets.  The  letters  given  below,  with  accompanying 
illustrations,  explain  themselves. 

Letter  firom  G.  W.  Barlow.  Sheridan,  Sheridan  Oonnty. 

"I  have  delayed  answering  your  letter,  hoping  to  give 
jou  a  detailed  description  of  some  Sheridan  county  apple 
orchards,  gathered  from  personal  inspection,  but  so  far  I 
have  not  been  able  to  get  away  from  my  work  to  visit  the 
different  i)eople  who  are  growing  apples  in  this  county. 
That  they  do  grow  and  produce  abundantly  is  a  well  demon« 
frtrated  fact,  and  in  such  range  of  varieties  as  to  insure  with 
reasonable  care  a  supply  of  choice  fruit  the  year  around. 
With  the  first  summer  apples  brought  into  Sheridan  that 
were  raised  in  this  county  this  year  there  were  also  brought 
samples  of  good  apples  grown  last  year  and  kept  till  Au- 
gust of  this  year.  Of  the  varieties  grown,  I  can  recall  hav* 
ing  seen  Wealthy,  Ben  Davis,  Pewaukee,  Hibernal,  Red 
Astrachan,  Duchess,  Tetofsky,  Yellow  Transparent,  (lideon, 
Moscow,  Alexander;  Crabs — Transcendent,  Hyslop,  Whit- 
ney, Oen.  Grant,  Yellow  Siberian,  and  other  varieties  of 
standards,  the  names  of  which  I  do  not  now  recall. 

"The  future  of  apple  growing  in  northern  Wyoming 
appears  to  be  fully  as  promising  as  the  early  history  of 
northern  Colorado  was  in  '72  or  even  later.    I  see  the  same 
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conditions  prevail  to  a  great  extent,  and  I  hear  the  same 
prophecies  as  to  the  ultimate  success  of  the  business  as  1 
did  there.  Everyone  who  has  seen  Colorado  lately  knows 
that  well  up  to  its  northern  line  apples  are  growing  and 
producing  large  crops.  We  w^ill  do  as  well  here  in  a  few 
years,  and  I  think  an  important  point  in  this  connection 
is  to  grow  our  own  trees  here  in  the  country  where  we  wish 
to  plant  them.  They  are  then  used  to  our  climatic  condi- 
tions, altitude,  irrigation,  etc.,  and  are  free  from  disease  and 
not  injured  by  long  shipments.  We  have  a  good  start  In 
that  direction  now  and  will  soon  grow  all  our  own  trees. 
With  proper  selection  of  varieties,  plenty  of  water,  good  na- 
tive grown  trees  and  good  care,  we  can  grow  all  the  apples 
we  want  and  some  for  other  people. 

"Small  fruits  all  do  well  here,  strawberries  and  rasp- 
berries especially.  There  were  at  least  1(),(K)0  boxes  of 
strawb(MTie8  sold  and  shipped  at  Sheridan  this  season. 
There  are  few  people  who  raise  raspberries  for  market,  ow- 
ing to  the  trouble  of  covering  in  winter.  I  know  of  one  block 
of  red  raspberries  of  an  acre  and  a  half  that  yielded  2,000 
boxes  in  1896  and  this  year  (1897)  about  4,000  boxes. 

"The  Dwarf  Rocky  Mountain  Cherry  (Prunus  Hessei)  I 
iiave  grown  here  for  five  years.  It  has  never  failed  to  pro- 
."duce  fruit  abundantly;  it  is  never  protected  in  winter  and 
never  winter  kills;  conies  into  bearing  at  two  or  three  years 
of  age  and  bears  every  year.  The  fruit  ripens  in  August, 
from  the  middle  to  the  last  of  the  month,  and  will  hang  to 
the  bushes  till  loosened  by  frost.  The  yield  varies  some- 
what in  different  plants  and  in  different  seasons.  I  have 
picked  twelve  quarts  from  a  three-year-old  bush,  but  1  have 
made  no  estimate  as  to  the  yield  per  acre.  I  set  them  eight 
or  ten  feet  apart  and  like  the  plan  of  putting  one  plant  be- 
tween apple  trees  where  the  latter  are  about  18  or  20  feet 
apart.  I  think  it  would  be  a  safe  estimate  to  figure  eight 
quarts  per  plant,  set  eight  by  ten  feet  to  the  acre. 
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*'I  believe  we  will  vet  raise  an  abundance  of  fruit  here 
in  northern  Wyoming,  which  for  quality  and  variety  will 
astonish  the  oldest  inhabitant.  I  am  bending  all  my  ener- 
gies toward  finding  the  hardiest  and  most  desirable  fruita 
for  this  country.  I  am  anxious  to  keep  in  touch  with  all 
who  are  engaged  in  any  horticultural  pursuits,  and  will 
always  do  what  I  can  to  further  horticultural  interests  in 
our  stPte.  I  realize  that  this  state  is  vears  behind  other 
Dew  states  in' hortieultr^ral  advamiement,  and  I  would  like 
to  stH*  a  more  general  interest  taken  in  matters  of  this  kind. 
I  believe  there  is  a  growing  disposition  among  our  residents 
to  try  fruit  raising,  where  a  few  years  ago  it  was  taken  for 
granted  that  ^Wyoming  will  never  be  a  fruit  country.'  " 

Letter  firom  C.  H.  Manning.  Sheridan,  Sheridan  Oounty. 

"Small  fruits,  such  as  currants,  gooseberries,  and  straw- 
berries, do  well  here.  The  varieties  of  strawberries  I  am 
growing  are  Parker  Earl,  Lady  Rusk,  Lovett^s  Early,  Mitch- 
el's  Early,  Wilson,  and  (Jandy.  The  last-named  variety  se- 
cured the  credit  for  the  largest  berry  in  a  test  inaugurated 
by  the  "Sheridan  Post.''  Twenty-nine  berries  filled  a  quart 
box  heaping  full.  Last  season  I  raised  some  tame  cherries, 
but  can  not  give  you  the  names  of  the  varieties.  I  put  out 
seven  apricot  trees  in  the  spring  of  1896  which  have  done 
extremelv  well. 

"When  qualitj',  form,  and  color  are  taken  into  account, 
my  apples  will  compare  favorably  with  those  from  any  state, 
and  I  believe  I  could  compete  successfully  for  size  also.  I 
bave  grown  two  varieties  which  have  measured  \2\  inches 
in  circumference  and  weighed  15  ounces.  I  have  an  or* 
cbard  of  175  trees  which  have  been  grown  from  root  grafts 
purchased  from  F.  S.  Phoenix,  Bloomington,  111.  I  obtained 
scFeral  varieties  to  experiment  with,  some  of  which  have 
been  thrown  over  the  fence.  I  now  claim  that  I  have  apple 
trees  that  are  tougher  than  our  native  timber,  and  I  can 
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^row  them  where  I  cannot  grow  yellow  cottonwood.  I  have 
the  Yellow  Transparent,  Antonovka,  Tetofsky,  Moscow, 
Enormous,  and  Hibernal,  all  Russian,  and  I  believe  that 
most  of  these  will  bear  apples  if  it  freezes  from  six  to  ten 
degrees  while  they  are  in  blossom.  The  Moscow  and  Hi- 
bernal will  blossom  on  yearling  wood.  The  Moscow  is  an 
-early  apple,  ripening  about  the  20th  of  August,  and  is  very 
nice.  Hibernal  is  one  of  the  best  cooking  apples.  It  ripens 
the  last  of  September.  The  Antonovka  grown,  in J-his. cli- 
mate is  a  most  excellent  eating  apple,  as  rich  and  of  as  dne 
ijuality  as  one  could  expect  anywhere,  and  I  think  I  ciin 
count  on  a  crop  five  years  out  of  six.  Besides  the  above,  I 
have  the  Red  Astrachan,  Wealthy,  Wolf  River,  and  Gideon, 
which  are  nice  eating  apples.  The  trees  missed  bearing  only 
one  year  (I  think  1892)  since  they  were  old  enough.  This 
jear  I  sold  some  apples  which  had  been  kept  eleven  months, 
that  were  perfectly  good  and  sound. 

*4  have  a  young  orchard  of  225  trees  which  I  expect  will 
begin  to  bear  next  season.  They  are  mostly  of  the  varieties 
I  have  named.  There  are  50  Wealthy,  and  somt  McMahon, 
f^witzer,  and  Plum  Cider.  The  last  named  is  not  hardy. 
The  old  orchard  was  planted  nine  years  ago  last  spring. 
Th(\\  \MMv  root  grafts  with  one  bud  above  th<*  ground. 
Wh<*n  Two  years  old  thev  were  set  out  in  the  orchard,  but  I 
think  it  would  have  been  better  had  they  been  transplanted 
After  one  year. 

'^I  sold  four  loads  of  apples  this  season.  For  one  load  1 
received  five  cents  per  pound,  for  another  load  four  cents 
per  pound,  and  for  a  third  load  |1.25  per  bushel.  The  only 
photographs  I  have  of  my  fruit  trees  are  a  coupje  of  Kodak 
pictures,  which  do  not  show  the  fruit  very  well,  althoagh 
the  trees  are  breaking  down  with  it.  One  is  of  Wealthy 
and  the  other  of  Antonovka  apples.  I  send  them  to  yon 
with  the  hope  that  you  may  be  able  to  use  them." 
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The  agricultural  lands  around  Sundance  have  an  alti- 
tude of  between  4500  and  5000  feet.  The  climate  differs 
from  that  of  other  parts  of  the  state  principally  in  the  rain- 
fall, which  averages  about  seventeen  inches  per  annum  in 
this  section.  Irrigation  is  not  practiced.  The  valleys  are 
well  protected  by  the  surrounding  mountains,  and  in  these 
valleys  water  is  found  at  no  great  depth  from  the  surface. 
The  soil  is  red  sandy  loam  containing  a  large  amount  of 
gypsum,  but  with  no  gravel  or  coarse  sand.  It  is  almost 
identica.1  with  the  soil  upon  the  Lander  experiment  farm.* 
The  flora  of  the  region  differs  from  that  of  other  parts  of 
the  state,  as  evidenced  by  the  presence  of  scrub  oaks,  white 
birch,  and  viburnums. 


Fruits  Upon  the  Experiment  Farm. 


The  experiment  farm  was  established  in  1891,  and  in 
1892  the  same  varieties  of  fruits  were  planted  as  upon  the 
other  sub-stations.  A  large  part  of  the  stock  ordered  was 
«o  long  on  the  road  that  it  did  not  grow  when  set  out.  Good 
records  of  the  fruits  were  kept  the  first  year,  but  the  varie- 
ties of  small  fruits  were  not  permanently  labeled.  Through 
accidents  which  usually  happen  to  small  labels,  they  were 
lost.  We  have  been  unable,  therefore,  to  locate  the  different 
varieties,  and  it  has  been  impossible  to  report  the  results  of 
the -fruit  experiments.  From  the  superintendent's  notes 
for  1893  and  notes  taken  by  the  writer  in  1895,  we  make  the 
following  brief  report. 

*Sec  Bulletin  No.  0.  page  20.  and  Bulletin  No.  14,  page  114. 


142  Wyomini   Experiment  Station. 

ORCHARD  FRUITS. 

Apples. 

Of  the  apple  trees  set  out  in  1892,  the  Wealthy  all  lived 
the  first  year.  Fifty  per  cent  of  Ben  Davis  and  thirty-three 
per  cent  of  Gano  also  lived.  The  Oldenburg  and  Yellow 
Transparent  all  died.  Yellow  Transcendent,  Whitney,  Hys- 
lop,  and  Martha  Crabs  lived  and  made  good  growth.  Notei^ 
in  1895  show  Wealthy  and  Ben  Davis  the  most  hardy  stan- 
dard  sorts.  Whitney  and  Hyslop  Crabs  were  in  bearing 
in  1895. 

Oherries. 

Early  Richmond  was  most  hardy,  none  of  the  trees  hav- 
ing been  winter  killed.  One  Ostheim  was  in  good  condition. 
The  tops  of  English  Morello  died  down  to  the  ground  each 
winter. 

Pears. 
Flemish  Beauty  pear  was  most  hardy  and  thrifty,  hav- 
ing produced  fine  trees.  Clapp's  Favorite  was  second  in 
hardiness  but  made  rather  slow  growth.  Bartlett,  Keiffer, 
Gakovska,  and  Bessemianka  died  down  to  the  ground  each 
winter. 

Plums. 

Weaver  and  De  Soto  plum  trees  seeemed  most  hardy, 
there  being  good,  stocky  trees  of  each  variety.  One  Hawk- 
eye  plum  tree  was  in  a  thrifty  condition,  the  others  having 
made  small  growth. 

SMALL  FRUITS. 

We  are  unable  to  make  a  detailed  report  upon  the  varie- 
ties of  small  fruits.  Currants  and  gooseberries  succeeded 
well  and  bore  heavy  crops.  The  Crandall  currant,  which 
we  consider  the  best  black  variety,  was  very  prolific.  We 
show  an  illustration  of  this  variety,  the  limbs  being  raised  to 
show  the  fruit.    The  red  and  white  varieties  also  bore  heavy 
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crops.  The  gooseberries  do  not  seem  quite  so  hardy  as  the 
currants,  but  all  the  varieties  bore  well.  The  Downing  is 
the  favorite  among  those  tried. 

Blackberries,  raspberries,  and  strawberries  gave  credit- 
able crops,  but  no  records  were  kept  of  them. 

FSUIT  GROWERS  IN  CROOK  00X7NTY. 

A  letter  from  Hon.  A.  E.  Hoyt  states  that  no  one  in  the 
immediate  vicinity  of  Sundance  has  raised  any  amount  of 
fruit.  Mr.  Meeks,  in  the  city,  has  a  few  fine  trees.  His  Si- 
berian and  Transcendent  crab  trees  have  borne  fruit  several 
years. 

Mr.  Hoyt  states  that  Mr.  J.  Eaton  of  Sand  creek  has 
about  150  fruit  trees  and  has  raised  some  fine  apples.    Mr.    • 
Bush  of  Hulett  has  about  500  young  trees  and  expected  to 
harvest  some  apples  this  season. 

We  know  that  with  proper  care  the  hardy  apples,  cher- 
ries, and  plums,  and  all  the  small  fruits,  will  succeed  in  this 
part  of  the  state. 


-(22) 
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XV  PI  E^  ufX  n:^!^  A.  ISi  13. 


The  town  of  Wheatland  is  at  an  elevation  of  4700  feet 
and  is  surrounded  by  a  large  tract  of  fertile  farming  land. 

The  Wheatland  district  is  east  of  the  Laramie  range  of 
mountains  and  has  much  the  same  climatic  conditions  as 
western  Nebraska.  The  soil  is  colluvial  upland  and  remark- 
ably free  from  alkali.*  The  land  is  irrigated  with  water 
taken  from  the  Laramie  and  Sybille  rivers.  A  large  num- 
ber of  farmers  have  settled  upon  the  lands  around  Wheat- 
land in  the  last  three  years,  and  many  of  them  are  planting 
orchard  and  other  fruits. 


Fruits  Upon  the  Experiment  Farm. 


The  station  farm  was  located  in  1891  and  fruit  plant- 
ings begun  in  the  spring  of  1892.  The  farm  is  on  the  open 
plain,  and  at  the  time  the  fruits  were  planted  there  was  no 
protection  from  winds.  The  trees  growing  up  arr>und  the 
farm  have  been  large  enough  for  two  or  three  years  to  break 
the  force  of  the  winds  to  some  extent. 

OBOHAitD  FBIJITS. 

As  a  rule,  the  stock  purchased  was  in  excellent  condi- 
tion and  the  loss  of  trees  in  the  orchard  has  been  remark- 
ably light.  In  no  part  of  the  state  have  the  trees  set  out  in 
the  orchard  succeeded  better  or  the  outlook  been  more  en- 
couraging than  upon  the  Wheatland  farm.  The  only  mis- 
hap to  the  orchard  was  a  hail  storm  destroying  the  young 
fruit  in  1896.    This  season  we  have  been  unable  to  obtain 

■^See  Bulletin  No  6.  page  21,  and  Bulletin  No.  14,  page  116. 
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a  full  report  of  th«*  fruits,  as  the  farm  has  not  been  in  charge 
of  the  Station.  The  storm  of  September  20, 1895,  which  was 
so  destructive  in  other  parts  of  the  state,  caused  compara- 
tively little  damage  to  the  orchard  at  Wheatland. 

Our  illustration  of  the  orchard  when  it  was  three  years 
old  was  kindly  loaned  to  us  by  Hon.  J.  M.  Carey.  The  report 
for  1805,  as  made  by  the  superintendent,  M.  R.  Johnston,. 
gives  the  results  up  to  that  fall,  and  Mr.  Carey's  letter  indi- 
cates which  of  the  varieties  fruited  this  season  (1897).  Id 
prnninji^  the  trees,  care  was  taken  not  to  remove  any 
branches  on  the  south  and  west  sides,  leaving  them  to  pro- 
tect the  trees  as  much  as  possible  from  being  burned  by  the 
snn. 

In  the  notes  for  1895,  we  copy  the  record  as  made  by  the 
superintendent  in  the  fall  of  that  year. 

Apples. 

The  trees  given  in  the  following  notes  were  planted  in 
April,  1892.  In  1895  the  mulching  was  removed  from  around 
the  trees  and  tar  paper  wrapping  taken  off  April  20.  The 
ground  was  (cultivated  once  a  week  from  April  1  to  August 
6,  being  kept  in  a  good  state  of  tilth  and  perfectly  free  from 
weeds.  Owing  to  the  thorough  cultivation,  but  little  irriga« 
tion  was  necessary,  and  they  were  irrigated  only  twice.  May 
24  and  September  25.  The  winter  protection  given  was  a 
heavy  mulch  of  coarse  manure,  and  on  October  30,  1895,  a 
box  made  of  one  by  three  inch  boards  was  platted  around 
the  trunk  of  each  tree  to  keep  the  bark  from  sunscald  and 
injury  by  rabbits.  Before  1895  tar  paper  was  used  each 
winter  for  the  same  purpose,  but  the  tar  paper  proved  more 
or  less  injurious  where  it  came  in  contact  with  the  tree. 

NOTES  FOR  1895. 

GANO. — Six  trees  were  planted.  All  are  alive  and 
thrifty.    Average  diameter  of  trunks,  two  and  three-fourths 
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inches.    Height  of  trees,  five  feet.    They  came  into  leaf  May 
1  and  made  a  season's  growth  of  twelve  inches. 

BEN  DAVIS.— Six  trees  were  planted.  All  are  healthy 
and  in  good  condition.  Average  diameter  of  trunks,  two 
and  one-third  inches.  Height  of  trees,  eight  feet.  Game 
into  leaf  May  1  and  made  a  season's  growth  of  three  and 
one-half  feet. 

OLDENBURG. — Five  trees  were  planted.  Pour  are 
alive,  with  short  trunks,  and  thrifty,  bushy  tops.  Diameter 
of  trunks,  two  and  one-fourth  inches.  Height  of  trees,  five 
feet,  two  inches.  They  came  into  leaf  May  3  and  made  a 
season's  growth  of  fifteen  inches. 

RED  ASTRACHAN.— Five  trees  were  planted.  All 
are  alive,  strong,  and  thrifty.  Diameter  of  trunks,  two  and 
one-half  inches.  Height  of  trees,  seven  feet.  Game  into  leaf 
May  3  and  had  a  few  blossoms,  but  fruit  fell  off  when  small. 
Season's  growth,  twenty-six  inches. 

WEALTHY. — Six  trees  were  planted.  All  are  alive 
and  thrifty.  Diameter  of  trunks,  two  and  one-half  inches. 
Height  of  trees,  seven  feet.  Game  into  leaf  May  3  and  had 
a  few  blossoms,  but  fruit  fell  off  when  small.  Season's 
growth  was  twenty  inches. 

YELLOW  TRANSPARENT.— Six  trees  were  planted. 
Five  are  alive  and  in  excellent  condition.  Diameter  of 
trunks,  two  and  one-fourth  inches.  Height  of  trees,  five  feet. 
They  came  into  leaf  May  3.  Season's  growth  was  fourteen 
inches. 

HYSLOP  CRAB.— Five  trees  were  planted.  All  are 
alive  and  very  thrifty.  Diameter  of  trunks,  two  and  one-half 
inches.  Height  of  trees,  seven  feet.  Game  into  leaf  May  3* 
Season's  growth,  three  and  one-half  feet. 

WHITNEY  GRAB.— Six  trees  were  planted.  All  are 
alive,  strong,  and  thrifty.    Diameter  of  trunks,  two  and  one« 
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fonrth  inches.    Height  of  trees,  six  feet,  two  inches,    ("ame 
into  leaf  May  3.    Season's  growth,  forty  inches. 

MARTHA  CRAB.— Six  trees  were  planted  .  Five  are 
aliye  and  in  good  condition.  Diameter  of  trunks,  three 
inches.  Height  of  trees,  seven  feet,  two  inches.  They  came 
into  leaf  May  6.  Had  a  few  blossoms  and  some  apples 
formed  but  fell  off  when  small.  Season's  growth  was  twen- 
ty-five inches. 

Apricots. 


Variety. 


Anndant^ 
Gifabt  .  .  . 
Alezaada- . 


No. 

No. 

Diam. 
of 

Height. 

Came 

set  out. 

living. 

trunk, 
inches. 

feet. 

mto 
leaf. 

6 

5 

2.3 

6.2 

May  3 

2 

2 

3.0 

9.0 

"     9 

2 

2 

2.25 

10.0 

••     9 

3 

2 

1.3 

4.0 

'*     7 

Sea- 
son's 
^wth, 
inches. 

14 
24 
27 
13 


*ProbabIy  Abondance  plum. 

fOur  iOustration  of  this  variety  was  made  from  a  photograph  taken  in  1895.  instead  of  1897 
ss  indicated  on  the  plate. 

Oherries. 

EARLY  RICHMOND.— Six  trees  were  planted.  All 
are  alive  and  in  good  condition.  Diameter  of  trunks,  three 
inches.  Height  of  trees,  six  feet.  They  came  into  leaf  May 
land  into  bloom  May  5.  Season's  growth  was  fifteen  inches. 
The  frnit  was  ripe  July  4.  Birds  destroyed  most  of  the  fruit 
as  fast  as  it  ripened.  Fruit  large,  dark  red  color,  of  fine 
flavor. 

MORELLO. — Six  trees  were  planted,  all  of  which  are 
alive  and  thrifty.  Diameter  of  trunks,  two  and  one-hali 
inches.  Height  of  trees,  six  and  one-half  feet.  Thev  came 
into  leaf  May  1  and  into  bloom  May  7.  The  season's  growth 
wag  fourteen  inches.  The  fruit  was  ripe  July  20.  Birds  de- 
stroyed the  fruit. 

INTORKA. — Three  trees  were  planted.  All  are  alive. 
IMameter  of  trunks,  three  inches.  Height  of  trees,  five  feet, 
two  inches.     They  came  into  leaf  May  3  and  had  a  few 
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blooms  May  6,  but  matured  no  f  rult«    Season's  growth  was 
thirteen  inches. 

OSTHEIM. — Three  trees  were  planted.  .One  is  living. 
Diameter  of  trunk,  three  inches.  Height  of  tree,  five  feet 
Came  into  leaf  May  5.  Had  a  few  blossoms  May  5.  Fmit 
ripe  July  4.    Fruit  destroyed  by  birds. 

ROCKY  MOUNTAIN.— Three  were  planted.  Two  are 
alive.  A  small  bush  with  branches  trailing  on  the  ground. 
Height  of  bushes,  twenty-eight  inches.  Came  into  leaf  May 
6  and  into  bloom  May  6.  The  fruit  was  ripe  August  10. 
Fruit  of  large  size,  black  in  color,  and  of  fine  flavor. 

Pears. 


Variety. 


Bessemianka  .  . 
Gakovska.  .  .  . 
Flemish  Beauty. 

Keiffer 

Clapp's  Favorite 
Baitlett 


No. 

No. 

Diam. 
of 

Height 

Came 

planted. 

'  living. 

trunk. 

trees. 

into 
leaf. 

3 

inches. 

feet. 

2 

1.6 

6.5 

May  15 

3 

3 

1.0 

4.5 

••       3 

0 

5 

2.0 

6.0 

"       6 

6 

4 

1.5 

6.0 

**       9 

6 

6 

2.25 

6.5 

••       9 

6 

5 

1.0   . 

,4.5 

.  ".      3 

Sea- 

sod's  • 
^owdt, 
inches. 

15 
13 
18 
17 
14 
I     13 


Plums. 


f 


HAWKEYE. — Six  trees  were  planted.  All  are.  alive, 
and  have  made  large,  healthy  trees.  Diameter  of  trunks, 
three  inches.  Height  of  trees,  seveij  feet,  two  inches.  Thev 
came  into  leaf  May  3  and  were  in  blossom  April  27.'  The 
season's  growth  was  fourteen  inches.  The  fruit  was  ripe 
August  26.   The  trees  yielded  two  qtlartft  each.-  ■      '  • ' '  '- 

DE  SOTO. — Six  trees  were  planted.  Five  are  alive  and 
in  good  condition.  The  average  diameter  of  the  truhk^  is 
two  inches.  The  height  of  the  trees  is  eight  feet.  *They 
came  into  bloom  April  27,  and  into  leaf  May  3.  The  season's 
growth  was  twelve  inches.  The  fruit  was  ripe  August  30^ 
the  yield  being  six  quarts.  Fruit  was  not  so  good  as  that  of 
Hawkeye. 

WOLF. — Six  trees  were  planted  and  all  are  alive  and 
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thrifty.  The  average  diameter  of  the  trunks  is  three  inches 
and  the  ayerage  height  of  the  trees  is  seven  feet,  one  inch. 
Thej  came  into  leaf  May  9.  The  season's  growth  was  twelve 
inches. 

SMALL  FBITJTS. 

The  small  fruits  have  not  succeeded  so  well  as  the  trees, 
a  mnch  larger  per  cent  of  the  plants  set  out  having  died. 
This  is  explained  by  the  f^ct  that  the  orchard  was  set  out  on 
a  more  favorable  part  of  the  f ^rm.  With  the  small  fruits  the 
winds  of  winter  aud  early  spring  dried  out  and  blew  away 
the  soil  and  whipped  off  the  plants.  They  were  all  set  out  in 
April  and  May  of  1892,  Those  which  died  have  not  been  re- 
place^,  apad  there  are  undoubtedly  many  varieties  in  addi- 
tion to  tl^OBe  here  reported  which  will  succeed.  However, 
those  which  we  report  as  fruiting  best  are  probably  the 
most  hardy  and  prolific  of  the  kinds  tried.  All  have  been 
gh)wn  under  the  satne  conditions  and  have  been  treated  as 
neariy  alike  as  possible.  6ur  report  is  based  upon  the  su- 
perintenderit'^s  notes  for  the  season  of  1895.  Those  varieties 
of  which  all  the  plants  dlM  before  that  season  are  not  men- 
tioned.' 

None  of  the  grapes  succeeded.    The  dewberries  are  not 

mentioned  in  the  report  for  the  year.  The  small  fruits  were 
given  cleafiL  cultivation  with  a.  horse,  cultivator  and  hoed 
each  month  during  :the  summer.  .  All  were  irrigated  in  fur- 
rows between  the  rows.  .The  currants,  gooseberries,  rasp- 
herrieSy  and  Wackberries  were  irrigated  May  20,  June  10, 
June  2^y  July  12^  August  1,  and  September  28.  The  currants 
and  gooseberries  were  protected  through  the  winter  with  a 
heary  mulch  of  barnyard  manure.  The  other  frui.ts  were 
laid  down  ai;id  covered  with  earth.  The  mulch  was  remove^ 
about,  the  middle  of  April. 

Onrriints. 

WHITE    GRAPE. — Twenty-four    were    planted  .    All 
liTed.    They  came  into  leaf  April  15  and  into  bloom  May  3. 
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The  fruit  was  ripe  July  6.  The  yield  averaged  two  and  one- 
half  pounds  per  bush  or  at  the  rate  of  9075  pounds  per  acre 
where  planted  three  by  four  feet  apart.  Fruit  large  and  of 
excellent  quality. 

RED  CHERRY.— Twelve  were  planted  and  all  lived. 
They  came  into  leaf  April  15  and  into  bloom  May  1.  The 
fruit  was  ripe  July  25.  The  average  yield  was  four  pounds 
per  bush  or  at  the  rate  of  14,520  pounds  per  acre.  Berries 
small,  light  red,  of  excellent  quality. 

CRANDALL. — Twelve  were  planted,  all  of  which  are 
living.  They  came  into  leaf  April  15  and  into  blossom  May 
1.  The  fruit  was  ripe  July  10.  Yielded  an  average  of  nine 
pounds  for  each  bush,  or  at  the  rate  of  32,670  pounds  per 
acre.  The  bushes  are  very  thrifty  and  prolific.  Fruit  large^ 
black,  and  of  good  flavor. 

LEE'S  PROLIFIC— Twelve  were  set  out.  Ten  plants 
are  living.  They  came  into  leaf  April  15  and  into  bloom 
May  4.  The  fruit  was  ripe  July  17,  The  yield  averaged  two 
and  one-half  pounds  per  bush,  or  at  the  rate  of  9,075  pounds 
per  acre.  The  fruit  is  black,  of  medium  size,  and  poor 
quality. 

GooseberrieB. 

DOWNING. — Twenty-four  plants  were  set  out.  All  are 
alive.  They  came  into  leaf  April  24  and  into  bloom  May  8. 
The  fruit  was  ripe  July  23.  The  average  yield  was  six 
pounds  per  bush,  or  at  the  rate  of  21,780  pounds  per  acre. 
Berries  large,  light  green,  of  fine  flavor,  flesh  soft;  a  prolific 
cropper. 

HOUGHTON.— Twelve  plants  were  set  out.  All  aro 
living.  They  came  into  leaf  April  15  and  into  bloom  April 
26.  The  fruit  was  ripe  July  20.  The  average  yield  was  fouir 
and  one-half  pounds  per  bush,  or  at  the  rate  of  16,335  pounds 
per  acre.  Fruit  of  medium  size,  flavor  very  fine;  a  good 
cropper. 
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Blackberries. 

Stone's  Hardy,  Lawton,  Lovett's  Best,  and  Rochester 
did  not  bloom.  These  are  named  in  the  order  of  their  ap- 
parent hardiness,  the  most  hardy  standing  first. 

EARLY  KING. — Twenty-four  plants  were  set  out,  all 
of  which  are  alive.  They  came  into  leaf  May  5  and  into 
bloom  May  25.  The  fruit  began  to  ripen  July  15  and  yielded 
an  average  of  three  and  one-half  pounds  per  hill,  or  about 
9,529  pounds  per  acre.  The  berries  are  large  and  of  excel- 
lent quality.    This  is  the  best  variety  tried. 

WILSON  JUNIOR.— Twenty-four  plants  were  set  out. 
Fifteen  are  alive.  They  came  into  leaf  May  3  and  into  bloom 
May  18.  The  fruit  was  ripe  July  10.  The  berries  are  large 
and  of  good  quality  .  The  canes  are  large  and  thrifty,  but 
not  prolific. 

Raspberries. 

Golden  Queen,  Caroline,  Brandy  wine,  and  Marlboro 
failed  to  bloom.  Hansel  came  into  bloom  May  20  and  Pro- 
p'ess  May  21,  but  they  failed  to  mature  fruit. 

THOMPSON'S  EARLY  PROLIFIC— Twelve  were 
planted,  ten  of  which  are  living.  They  came  into  leaf  May 
1  and  into  bloom  May  20.  The  fruit  began  to  ripen  July  1 
and  yielded  an  average  of  two  and  one-half  pounds  per  hill, 
or  at  the  rate  of  about  6,806  pounds  per  acre.  This  is  the 
only  variety  which  produced  fruit  in  1895. 

Strawberries. 

The  first  strawberry  plat  was  set  out  in  May,  1892.  It 
wag  in  an  unfavorable  place  and  the  vines  made  Hit'e  <i:iowth 
during  the  three  sc^asons  that  the  bed  was  allowed  to  n* 
main.  On  May  25,  1895,  the  young  plants  were  taken  from 
this  plat  and  set  in  a  new  bed.  No  report  has  been  obtained 
open  them  since  that  time.  Haverland  has  not  been  hardy. 
Other  varieties  which  have  succeeded  best  are  Manchester, 

-{24) 
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Jucunda,  Mitchers*  Early,  Wilson,  Florence,  Lady  Bask, 
Charles  Downing,  Staymen's,  Edgar  Queen,  Stevens,  Shu8< 
ter's  Gem,  Standard,  Warfield,  Pine  Apple,  Parker  Earl, 
Crimson  Cluster,  Gold,  and  Crescent. 

FRUIT  GEOWEBS  IN  LABAMIE  COTTKTT. 

Farmers  around  Wheatland  are  planting  orchards  and 
other  fruits.  These  plantings  are  new,  and  but  few  of  them 
have  come  into  bearing.  M.  R.  Johnston  had  raised  some 
small  fruits  there  before  the  station  farm  was  established. 
Tpon  the  Mule  Shoe  and  the  Two  Bar  ranches,  west-  of 
Wheatland,  some  ajiples  and  other  fruits  have  b^en  pro- 
duced. A  number  of  people  in  Cheyenne  are  gfowing  hardy 
apples  and  other  fruits  in  their  yards.  Mr.  John  Gordon  of 
liOwer  Horse  creek  sent  us  specimens  of  Oldenburg  apples 
from  his  ranch  this  fall  which  we  photographed  for  this 
report. 

Letter  from  Hon.  J.  M.  Carey,  Oheyenne,  Wyo. 

"With  reference  to  the  fruit,  I  have  to  say  that  twenty 
odd  plum  trees  of  the  De  Soto  and  Wolf  River  varieties,  on 
the  land  recently  used  by  the  University  as  the. experiment 
farm  at  Wheatland,  bore  full  crops  of  fruit.  This  fruit  was 
of  excellent  quality.  There  were  fifteen  or  twenty,  apple 
trees  that  produced  fine  apples;  not  full  crops,  however^. 
Tht^se  were  of  the  Ben  Davis,  Wealthy,  Northern  >>py,  ?ind 
Pippin  varieties. 

"Mark  Johnston  says,  however,  that  there  were  among 
these  fully  twenty  varieties,  the  names  of  which;  I  have  not 
been  able  to  obtain. 

*'0n  the  W'heatland*  flats,  Mr.  Harper  produced  some 
fine  standard  apples  of  the  Ben  Davis  and  Pippin  varieties. 
At  the  Mule  Shoe  ranch,  several  varieties  of  crab  apples 
were  produced  in  abundance. 

*This  way  of  spelling  Mitchel's,  as  given  in  "Thomas'  American  Fruit  Culturut,"  is  used 
throQghout  this  bulletin.    The  favorite  spelling  is  Michel's.  '       .       ' 
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"There  were  several  parties  in  Cheyenne  who  produced 
apples  this  year.  The  mischievous  boy,  however,  prevented 
very  much  of  the  fruit  from  maturing.  Those  that  were 
left  on  the  treees  grew  to  a  good  size  and  were  of  fine 
quality. 

"I  had  about  a  dozen  trees,  standard  varieties,  that 
produced  fine  apples,  and  so  far  as  they  were  permitted  to 
remain  on  the  trees  they  matured.  '  I  had  one  tree  of  im- 
proved  crab  apples  which  grew  to  thfe  size  of  an  ordinary 
peach.  The  tree  had  as  manj^  apples  as  it  could  possibly 
carry.  They  matured  and  were  a  delicious  eating  apple. 
I  had  several  trees  of  the  smaller  varieties  of  crab  apples 
which  produced  full  cropi^. 

"The  small  fruits  did  exceedingly  well  in  the  Wheat- 
land colony — gooseberries,  raspbert'ies,  and  strawberries. 
From  what  I  have  seen  this  yeiar,  I  have  no  doubt  that  Wyo- 
ming will  become  a  friiit  growing  state  so  far  as  the  varie- 
ties which  ai*e  common  in  this  latitude  are  concerned." 

Letter  from  J.  N.  Oordon,  Lower  Horse  Creek,  Laramie  Oounty. 
**I  have  several  varieties  of  apples,  but  the  names  have 

•         *  * 

been  lost,  so  I  send  you  a  sample  by  express,  and  from  this 
you  can  get  an  idea  of  w^hat  success  people  may  expect  in 
raising  fruit  here.  I  am  sorry  your  inquiry  came  so  late,  as 
I  had  several  varieties,  but  they  are  all  gone  now  except  the 
ones  I  send  you.  Years  ago  I  saw  as  fine  grapes  grown  on 
a  ranch  close  to  my  place  as  I  have  ever  seen  in  the  markets 
of  Cheyenne.  After  nearly  thirty  years'  farming  in  Colo- 
rado and  Wyoming,  I  have  arrived  at  the  conclusion  that  I 
can  raise  on  my  ranch  on  Lower  Horse  creek  any  of  the 
fruits  that  can  be  raised  in  the  Cache  la  Poudre  valley  in 
Colorado." 
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Fruits  in  Other  Parts  of  Wyoming. 


In  Weston,  Sweetwater,  and  Uinta  counties,  practically 
no  attempts  have  been  made  to  raise  any  kind  of  fruit.  In 
Converse  county  almost  no  fruits  have  been  raised.  Mr.  P. 
Lusk  of  Lusk  has  a  few  apple  trees  in  bearing.  We  learn 
that  some  fruits  have  been  planted  in  the  vicinity  of  Doug< 
las  and  in  the  La  Prelle  valley.  In  Natrona  county,  some 
farmers  in  the  vicinity  of  Casper  have  young  orchards  set 
out.  W.  A.  Blackmore  of  Casper  states  that  he  has  recently 
made  plantings  of  apples,p]ums,gnips,and  other  small  fruits. 
B.  B.  Brooks  states  that  he  has  been  quite  successful  with 
strawberries  and  other  small  fruits,  and  that  upon  nearly  all 
the  ranches  in  that  section  small  fruits  are  raised  for  home 
use.    Mr.  J.  Milne  of  Casper  has  a  small  orchard. 

In  Big  Horn  county  there  are  a  few  small  orchards. 
With  the  exception  of  the  following  letters,  we  have  been 
unable  to  obtain  reports  from  that  section. 

*  Letter  from  J.  H.  Taylor,  Bonanza,  Big  Horn  County. 

^*There  are  several  small  orchards  in  the  Big  Horn  basin 
that  have  borne  fruit  for  several  seasons,  and  of  the  choicest 
kinds.  I  have  been  in  the  business  only  two  years  and  have 
had  more  stock  than  I  could  get  set  out  each  season.  From  the 
late  arrival  of  stock  in  the  spring  I  have  lost  a  good  many, 
but  I  have  an  orchard  of  several  kinds  of  apples,  pears,  and 
plums,  besides  the  small  nursery  stock,  which  includes  fancy 
shade  trees.  The  main  orchard  is  doing  finely  and  will  be- 
gin to  bear  next  year.  It  consists  of  over  four  hundred 
trees.  I  am  satisfied  that  this  country  will  grow  all  of  the 
hardy  varieties  and  that  the  fruit  will  be  of  superior  flavo^ 
and  size." 


a- 
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Letter  from  J.  C.  Morgan,  Jordan,  Big  Horn  County. 

*'T  have  tried  several  kinds  of  fruits  here.  All  small 
fruits,  such  as  strawberries,  currants,  gooseberries,  raspber- 
ries, and  grapes  have  done  well.  Many  of  my  first  trees  of 
apples,  crabs,  cherries,  and  pears  have  been  winter  killed. 
Those  farmers  located  nearer  the  mountains  whose  places 
are  200  or  BOO  feet  higher  than  mine  have  raised  fine  apples, 
crabs,  and  plums.  Berries  do  well  in  all  parts  of  the  county. 
There  is  quite  a  variety  of  native  fruits  here.  T  tlilnk  this 
will  be  a  good  fruit  county  when  we  learn  how  to  handle  our 
trees  under  irrigation." 


In  Carbon  county  a  number  are  raising  some  fniits. 
The  fruits  upon  the  Saratoga  experiment  farm  were  not 
grow^n  long  enough  to  determine  what  would  succeed.  J. 
D.  Parker,  who  was  superintendent,  states  that  currants 
and  strawberries  have  been  successful.  We  show  an  illus- 
tration of  the  orchard  of  Mr.  James  Caritlin  of  Ferris,  which 
has  borne  a  good  Crop  of  apples.  We  have  not  learned  the 
varieties.  This  orchard  was  set  out  seven  years  ago  and  has 
liot  been  given  much  attention.  In  Rawlins  and  vicinity,  al- 
most no  attempts  have  been  made  to  raise  fruits,  though  in 
1895  we  learned  of  some  cherrv  trees  in  town  which  were  in 
bearing. 


CONCLUSION. 


We  dedicate  this  bulletin  to  the  farmers  and  ranchmen 
of  Wyoming.  We  have  avoided  technicalities  and  have  at- 
tempted to  make  this  a  popular  report  for  the  exclusive 
benefit  of  our  own  people.  Should  it  find  a  wider  use  than 
this,  we  shall  be  pleased,  but  we  do  not  expect  it.  Other 
-(25) 
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station  workers  will  find  no  new  experiments  reported  that 
add  to  the  knowledge  of  the  day,  but  the  bulletin  will  convey 
to  them  an  idea  of  the  horticultural  possibilities  of  our 
great,  new  state.  We  have  attempted  to  indicate  the  pres- 
ent condition  of  horticulture  in  the  state  and  point  out  the 
success  which  will  attend  the  careful  grower  who  wishes 
to  raise  fruits  within  our  borders.  As  it  is  our  first  bulletin 
upon  this  subject,  we  have  reported  all  the  experimental 
work  attempted,  whether  or  not  important  results  were  ob- 
tained, and  have  tried  to  make  it  representative  of  the  pres- 
ent stage  of  our  fruit  industry. 

Our  photographs  are  an  accurate  and  important  part 
of  our  notes  and  records,  and  the  conclusions  to  be  drawn 
from  them  are  as  important  as  facts  derived  from  the  text. 
There  is  no  possibility  of  misconstruing  them,  and  so  far  as 
they  illustrate  any  phase  of  the  subject,  they  have  been 
reproduced  for  this  bulletin.  True,  we  expect  them  to  be 
more  generally  read  than  the  written  matter  and  they  repre* 
sent  only  successes,  but  the  negative  results  of  our  experi- 
ments are  given  proper  place. 

We  are  hardly  in  a  position  to  recommend  varieties  of 
fruit  for  a  farmer  to  plant,  However,  we  do  not  hesitate  to 
name  the  varieties  which  we  know  to  be  hardy  and  prolific 
in  our  climate.  At  present  it  is  not  a  question  of  whether 
we  like  the  flavor  of  Bellflower  apples  better  than  that  of 
Ben  Davis,  but  rather  whether  we  prefer  the  hardy  varienen 
to  no  apples  at  all.  It  is  safe  to  say  that  all  the  fruit  raised 
in  our  state  for  many  3'ears  to  come  will  find  a  ready  market 
at  home.  The  better  the  quality,  the  higher  the  price  it  will 
bring. 

The  time  will  soon  come,  if  indeed  it  is  not  now  at  hand, 
when  our  fruit  growers  should  organize  for  the  advancement 
of  their  own  interests  and  for  mutual  protection.  Concerted 
action  from  this  time  forward  should  effectually  prevent  in- 
sect enemies  or  fungus  diseases  from  becoming  serious  pestB 
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in  the  state.  When  once  such  pests  obtain  a  secure  foot- 
hold, it  is  not  an  easy  matter  to  keep  them  in  check.  There 
are  many  other  advantages  to  be  derived  from  such  an  or* 
gnnization. 

The  following  kinds  and  varieties  of  fruits  have  proved 
to  be  hardy  and  prolific  in  sections  which  represent  the 
larger  portion  of  the  state.  Apricots  and  pears  have  not  yet 
fruited,  though  the  trees  of  a  few  varieties  seem  perfectly 
hardy.  This  list  includes  only  varieties  which  have  gene> 
rally  succeeded,  and,  with  the  exception  of  grapes,  they  may, 
with  considerable  assurance  of  success,  be  planted  in  shel- 
tered localities  up  to  an  altitude  of  something  over  seven 
thousand  feet. 

Apples. — Wealthy,  Oldenburg,  Ben  Davis. 

Crab  Apples. — Siberian,  Martha,  Transcendent,  Hyslop. 

Cherries. — Rocky  Mountain  Dwarf,  Morello,  Early 
Richmond. 

Plums. — De  Soto,  Weaver. 

Blackberries. — Early  King,  Stone's  Hardy,  Wilson  Jr. 

Dewberries. — ^Lucretia,  Mammoth. 

Currants. — Red  Cherry,  White  Grape,  Crandall,  Lee's 
Prolific. 

Gooseberries. — Houghton,  Downing. 

Grapes. — Concord,  Wyoming  Red,  Delaware. 

Raspberries  (yellow.) — Caroline,  Golden  Queen. 

Raspberries  (red.) — Turner,  Hansel,  Thompson's  Early 
Prolific,  Marlboro. 

Raspberries  (black.) — Kansas.  Progress,  Gregg,  Lovett. 

Strawberries. — Nearlv  all  varieties  are  sufficientlv 
hardy.  The  notes  at  Lander  and  Shendan  show  which  have 
been  earliest,  most  prolific,  of  the  best  quality,  and  the  best 
for  shipping. 
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Introduction. 


The  objects  of  this  bulletin  are  to  show  the  results  of  a 
mechanical  analysis  of  some  typical  soils  of  Wyoming,  com- 
paring them  with  typical  soils  from  the  humid  regions ;  and 
also  to  show  the  moisture  content  of  the  soil  of  the  Laramie 
Experiment  Farm  during  the  growing  season. 

The  method  used  in  making  the  analysis  and  in  deter- 
mining the  amount  of  moisture  in  soils  in  the  field  are  those 
described  in  Bulletin  No.  4,  U.  S.  Department  of  Agricul- 
ture, Department  of  Agricultural  Soils,  1806. 

I  am  greatly  indebted  to  Prof.  B.  C.  Buffum,  Agricul- 
turist of  this  Experiment  Station,  not  only  for  having  col- 
lected the  sami>leB  of  soil  from  the  different  experiment 
farms,  but  also  for  the  very  complete  set  of  notes  which  he 
took  at  the  time  and  kindly  turned  over  to  me  for  use  in  the 
preparation  of  this  bulletin.  Acknowledgment  should  also 
be  made  of  the  patient  and  faithful  work  rendered  by  my 
assistant,  Mr.  Joseph  Orr,  without  whose  aid  the  work 
conJd  not  have  been  completed  so  quickly. 
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Mechanical  Analysis  of  Soils. 


BY    C.    B.    RIDGAWAY. 


The  soil  is  generally  defined  as  the  loose  earth  which 
covers  the  rocks  to  the  depth  of  from  a  f6w  inches  to  many 
feet  and  furnishes  most  of  the  nonrishment  for  growing^ 
plants.  In  the  Atlantic  coast  regions  that  portion  of  the 
earth  which  is  cultivated  by  the  plow,  and  which  extends  to 
a  depth  of  from  six  to  twelve  inches,  is  generally  termed  the 
soil,  while  all  below  that  is  called  subsoil.  The  reasons  for 
this  distinction  arise  from  the  fact  that  the  subsoil  when 
first  brought  to  the  surface  generally  proves  very  unpro- 
ductive, for  a  short  time  at  least  after  exposure,  and  from 
the  other  fact  that  there  is  usually  a  very  noticeable  differ- 
ence in  color  between  the  two  kinds  of  soil.  In  the  arid  re- 
gions, however,  these  characteristics  almost  entirely  disap- 
pear, for  in  many  localities  no  difference  in  color  is  to  be 
noticed  from  the  top  of  the  ground  to  the  solid  rock,  and  in 
many  places  when  the  soil  has  been  brought  from  a  depth 
of  twenty  and  even  thirty  feet  it  has  often  proved  as  pro- 
ductive as  the  surface  soil  of  the  same  region.  This  peculiar- 
ity of  the  soils  of  these  regions  where  irrigation  is  so  in- 
dispensable is  of  inestimable  importance.  Hillocks  are  lev- 
eled and  hollows  are  filled;  thus  bringing  much  of  the 
ground,  which  otherwise  would  remain  barren,  under  cul- 
tivation. 

All  soils  have  been  formed  from  rocks  by  means  of 
various  agencies.  The  chemical  action  of  the  different 
gases  in  the  atmosphere,  the  mechanical  action  of  freezing 
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water,  wind  erosion,  water  erosion,  the  roots  of  plants  en- 
tering the. seams  in  the  rocks  and  forcing  them  apart,  but 
especially  the  great  ice  plows  of  the  glaciers  leveling  moun- 
tains and  filling  valleys — all  these  have  been  through  count- 
less ages,  and  still  are,  at  work  making  soil  of  the  solid 
rocks.  In  some  cases  the  soil  has  been  formed  in  place  by 
the  decomposition  of  the  underlying  rock,  but  in  others  it 
differs  materially  from  the  rock  upon  which  it  rests.  In  the 
latter  case  very  frequently  the  soil  has  been  brought  from  a 
great  distance,  either  by  means  of  glaciers  or  running  wa- 
ter, and  deposited  in  its  present  position. 

It  is  a  fact  now  generally  conceded  by  most  agricultur- 
ists, that  a  soil  may  have  all  the  chemical  elements  necessary 
for  the  production  of  good  crops,  and  yet,  unless  the  phys- 
ical texture  is  of  the  proper  quality  very  inferior  crops  will 
be  obtained.  In  view  of  this  fact  it  is  now  deemed  neces- 
sary to  make  both  a  chemical  and  a  mechanical  analysis  of 
the  soil  in  order  to  arrive  at  a  just  estimate  of  its  product- 
iveness and  adaptability  to  certain  crops.  The  object  of  the 
mechanical  analysis  of  the  soil  is  the  quantitative  deterral- 
nation  of  the  coarsesr  and  finer  material  entering  into  its 
composition.  Only  soil  whose  grains  are  less  than  two 
millimeters  (1-12  inch)  in  diameter,  called  fine  earth,  is  used 
for  this  purpose;  all  over  this  size  is  considered  coarse 
gravel,  which  is  incapable  of  furnishing  any  nourishment 
to  plants  till  further  disintegration  takes  place. 

Following  the  method  used  by  the  U.  S.  Department  of 
Agriculture,  I  have  divided  the  fine  earth  into  these  eight 
classes: 

Damcter 

a  Conventional 

name. 


2-1 - ' Gravel 

1-.5 Coarse  sand 

-5-.2o Medium  sand 


1 62  iVyomin^   Experiment  Station. 


Diameter 

in  Conventional 

millimeters.  name 

.25.1 Fine  sand 

.1-.05 Very  fine  sand 

.05.01 \ Bilt 

.01.005 Fine  Silt 

.005.0001 Clay 

It  has  been  found  by  experiment  in  the  Atlantic  Coast 
States,  and  in  fact  in  most  humid  regions,  that  a  sandy  soil 
is  best  adapted  to  raising  truck,  heavy  loam  to  wheat,  while 
a  stiflf  clay  has  been  found  best  suited  for  grass  land.  Some 
have  concluded  from  this  now  apparently  established  fact 
that  in  all  of  the  unoccupied  regions  of  the  west  the  soil 
could  very  readily  be  analyzed  and  prospective  settlers  as- 
sured as  to  the  adaptability  of  certain  soils  to  certain  crops. 
This  method  of  reasoning,  however,  will  not  hold  for  the 
arid  regions,  where  the  farmers  depend  almost  entirely 
for  their  water  supply  upon  irrigation. 

The  adaptability  of  the  stiff  clay  lands  of  the  east  to 
the  raising  of  grass  depends  upon  the  fact  of  their  retaining 
more  moisture  near  the  surface  for  nourishing  the  grass 
roots  than  any  other  variety  of  soil.  In  the  arid  regions, 
however,  some  of  the  very  best  yields  of  grain  and  grass 
have  been  obtained  from  sandy  soils  by  the  aid  of  irrigation. 
From  this  we  infer  that  every  typical  region  must  work  out 
its  own  typical  soils  by  the  aid  of  chemical  and  mechanical 
analyses  coupled  with  actual  experiment.  One  of  the  main 
objects  of  this  bulletin  is  to  classify  the  soils  of  Wyoming, 
if  possible,  under  their  various  types. 

Thirty  samples  of  soil  were  collected  from  five  of  the 
best  agricultural  sections  of  the  state.  After  the  soil  had 
ample  time  to  air-dry,  the  contents  of  the  sacks  (holding 
about  twenty-five  pounds  each)  were  emptied  u.pon  a  table 
covered  with  oil-cloth,  and  after  thoroughly  mixing  divided 
into  four  equal  parts.    One  of  these  parts  was  taken  as  a 
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sample  and  all  of  the  lumps  pulverized  with  a  rolling  pin 
covered  with  thick  sheet  rubber  to  prevent  crushing  the 
grains  of  sand.  The  soil  was  then  passed  through  a  sieve 
punched  with  round  holes  two  millimeters  in  diameter,  and 
after  all  the  coarse  gravel  which  remained  in  the  sieve  had 
been  washed,  dreid,  weighed,  and  its  ])ercentage  of  the  soil 
calculated,  the  fine  soil  was  placed  in  large  glass  jars  which 
were  corked  and  labeled  for  future  use.  A  subsample 
weighing  20  grams  was  afterwards  taken  and  washed  into  a 
long  glass  bottle,  such  as  is  used  in  sterilizing  milk,  which 
was  filled  half  full  of  pure  water  and  securely  closed  with  a 
rubber  stopper.  Ten  such  bottles  with  their  content>s  were 
placed  in  a  shaker  of  mv  own  construction  which  had  a 
throw  of  about  six  inchi^s  and  made  150  revolutions  per 
minnte.  The  shaker  was  kept  in  constant  motion  from  24  to 
48  hours,  according  to  the  nature  of  the  soil,  by  means  of  a 
small  water  motor.  The  object  of  this  shaking  was  to  dis- 
integrate all  the  particles  of  the  soil,  so  that  instead  of  many 
conglomerates,  which  would  lead  to  much  difficulty,  if  not 
to  false  conclusions,  there  might  remain  only  separate 
grains.  After  the  soil  had  been  washed  from  the  bottles 
into  beakers  it  was  carefully  examined  under  a  microscope, 
and  if  not  thoroughly  disintegrated  hand  pestling  with  a 
rubber-tipped  pestle  was  resorted  to  for  a  short  time  to  com- 
plete the  work.  The  soil  was  then  separated  into  eight 
grades  by  the  "Beaker  Method." 

To  aid  in  forming  a  more  correct  idea  of  the  relative 
amount  of  grains  of  various  sizes  entering  into  the  compo- 
sition of  the  different  soils,  samples  of  the  separations  of  the 
different  grades  of  material  from  each  of  the  five  experiment 
farms  were  placed  into  small  bottles,  mounted  on  cards  and 
photographed.  Besides  the  eight  bottles  containing  soil, 
two  others  appear  in  the  illustrations — the  ninth  showing 
the  amount  of  moisture  contained  in  the  air-dried  sample, 
and  the  tenth  the  amount  of  organic  and  volatile  matter. 
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Doubtless  the  contents  of  the  last  bottle  is  somewhat  exag- 
gerated, as  I  have  used  walnut  sawdust  to  represent  the  or- 
ganic and  volatile  matter. 

In  taking  the  samples,  all  litter  was  first  removed  from 
the  surface  and  then  a  hole  was  dug  with  a  shovel  to  a 
depth  of  three  feet  on  three  sides  of  a  column  of  soil  about 
one  foot  square  at  the  top.  This  column  was  afterwards 
trimmed  down  with  a  sharp  spade  to  a  size  six  inches  square. 
The  surface  soil  of  this  column  to  a  depth  of  one  foot  was 
removed  and  placed  in  a  sack  6x12  inches,  which  sack  was 
numbered,  labeled,  and  securely  fastened.  Immediately  be- 
low this  sample  the  column  was  carefully  removed  from  a 
depth  of  one  foot  to  a  depth  of  two  feet  and  placed  in  an- 
other sack.  In  this  manner  six  samples  were  taken  from 
each  of  the  farms — ^three  of  the  surface  soil  and  three  of  the 
subsoil.  The  sacks  were  so  numbered  that  all  of  the  surface 
soils  were  marked  with  odd  numbers  and  the  subsoils  with 
even  numbers. 
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Soil  from  the  Wheatland  Experiment  Farm. 


The  Wheatland  Experiment  Farm  is  situated  in  the 
eastern  portion  of  Wyoming  on  what  is  knows  as  the  "Great 
Plains,"  at  an  elevation  of  4,700  feet.  The  soil  of  this  farm 
is  a  coUuvial  deposit  derived  from  the  Archaean  and  Plio- 
cene rocks,  without  any  glacial  aetion  however,  and  resting 
upon  a  Pliocene  conglomerate.* 

The  ground  selected  for  taking  the  first  two  samples 
was  the  prairie  sod,  on  which  were  found  growing  buffalo 
grass  (Bulbilis  dactyloides  (Nutt)  Raf.),  three-leafed  sedge 
{Carex  filifoliay  Nutt),  and  an  occasional  spear  of  Stipa 
comata,  Trin.  The  soil  was  dry  and  hard  to  dig  (it  was  dug 
the  7th  of  August),  but  became  a  little  moist  at  a  depth  of 
one  foot.  Two  feet  below  the  surface  a  bed  of  cement  gravel 
was  found  containing  stones  of  granite,  orthoclase,  labrador- 
ite,  magnetite,  schist,  quartz,  and  lime  incrustations  on 
granite.  The  top  soil  was  of  a  dark  gray  color,  but  became 
much  lighter  in  color  the  farther  down  it  was  dug.  Samples 
3  and  4  were  taken  from  a  plat  which  had  been  cultivated 
but  not  fertilized.  The  plat  had  been  irrigated  on  May  20, 
June  15,  and  July  8,  on  account  of  which  the  samples  were 
qnite  moist  and  easy  to  dig.  No  gravel  was  found  in  these 
samples.  Samples  5  and  6  were  taken  from  a  plat  which 
had  been  both  cultivated  and  fertilized.  The  plat  had  re- 
ceived its  last  irrigation  on  July  16th,  on  account  of  which 
the  subsoil  was  very  wet  and  stuck  to  the  shovel.  The  soil 
was  full  of  lumps  which  were  very  difficult  to  crush  with 
the  unaided  fingers.  These  lumps  absorbed  water  very  rap- 
idly and  became  quite  soft  and  plastic.  The  soil  contained 
about  .6  per  cent  of  coarse  gravel. 

On  making  a  mechanical  analysis,  the  following  results 
were  obtained: 
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The  crops  raised  upon  this  farm  and  the  greatest  yield 
per  acre  during  three  years  is  shown  below. 


Alfalfa  8,732  lbs. 

Barley  50  bush. 

Bean   26  bush. 

Beet   43,776  lbs. 

Broom  corn  2,240  lbs. 

Buckwheat 28  bush. 

Cabbage   34,362  lbs. 

Carrot   75,240  lbs. 

Corn 48  bush. 

Flat  pea 1,545  lbs. 

Flax  14  bush. 


Oat 74.2  bush* 

OAion  93,492  lbs. 

Parsnip   9,854  lbs. 

Pea  . . . : 17  bush. 

Peanut  1,740  lbs. 

Potato   25,740  lbs. 

Rye    .; 31  bush. 

Sweet  potato  3,200  lbs. 

Sugar  beet  24,000  lbs. 

Turnip  12,869  Iba. 

Wheat  50  bush. 


The  following  are  the  average  yields  per  acre  for  the 
same  time  upon  the  same  farm : 


Alfalfa  5,113  lbs. 

Barley   27.5  bush. 

Bean   22  bush. 

Beet    20,800  lbs. 

Cabbage  27,333  lbs. 

Carrot   42,816  lbs. 

Corn .23  bush. 

Flax  9  bush. 


Oat 39.6  bush. 

Onion   60.746  Iba. 

Pea   16.5  bush. 

Potato   6,860  IbB. 

Rye 19  bush. 

Sugar  beet 16,330  Iba. 

Turnip     10.725  lbs. 

Wheat  26.3  bush. 


During  the  three  years,  this  farm  excelled  the  other 
four  in  producing  the  best  crops  of  beans  and  onions,  and 
was  second  in  alfalfa,  beets,  cabbage  and  com.  It  also 
ranked  first  in  the  average  yield  of  beans  and  onions. 
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Soil  from  the  Sundance  Experiment  Farm. 

This  farm  is  located  in  the  northeastern  part  of  the 
state,  at  an  elevation  of  4,750  feet  above  the  sea  level.  The 
soil  of  the  farm  has  been  formed  from  the  Triassic  and 
Jurassic  rocks,  which  are  composed  of  ferruginous  sand- 
stone, limestone,  clays,  and  marls.  The  soil  has  not  been 
transported  .any  great  distance,  and  in  composition  and 
color  greatly  resembles  that  of  the  Lander  farm.* 

On  the  prairie  sod,  where  samples  7  and  8  were  taken, 
were  found  growing  blue  stem  (Agropyrmi  sp.),  with  an  occa- 
sional bunch  of  gramma  grass  {Bouteloua  oligostachya,  Torr)» 
The  soil  was  very  dry  to  a  depth  of  14  inches  and  changes 
color  from  a  dark  to  a  light  red.  From  14  inches  down  to  a 
depth  of  at  least  three  feet  the  soil  was  damp  and  easy  to 
dig.  In  taking  samples  9  and  10,  there  was  found  at  a  depth 
of  20  inches  a  layer  of  black  soil.  Considerable  difficulty 
was  experienced  in  digging  these  samples  on  account  of 
the  exceedingly  dry  condition  of  ground.  The  plat  from 
which  these  samples  were  taken  had  not  been  irrigated 
daring  the  season,  which  accounts  for  the  very  dry  condition 
of  the  soil.  The  soil  from  which  samples  11  and  12  were 
taken  was  found  to  be  very  loose  and  friable,  containing 
many  pieces  of  soft  sandstone  at  a  depth  of  about  9  inches. 
A  bed  of  Joose  sand  was  found  at  a  depth  of  two  feet,  which 
appeared  to  be  arranged  in  streaks  throughout  the  soil,  of 
a  verj-  fine  texture  and  of  a  red  color.  As  the  depth  in- 
creased, the  soil  became  more  moist.  There  were  very  few 
Inmps  found  in  this  soil  and  they  were  very  easily  crushed 
by  the  fingers.  On  moistening  these  lumps  with  water,  it 
was  found  that  they  absorbed  moisture  very  quickly  and 
became  quite  plastic.  A  few  small  pebbles  were  founds 
but  constituted  less  than  .1  per  cent  of  the  soil.  These  peb- 
bles w^ere  of  limestone,  granite,  lime  incrustations  on  gran- 
ite, quartz,  sandstone,  and  shale. 

•Sec  BoUecin  No.  14.  {Mge  114. 
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The  following  reBults  were  obtaiDed  from  a  mecliaDlcal 
analysis  of  these  soils: 
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The  greatest  yield  of  crops  per  acre  upon  this  farm  dur- 
ing three  years  is  shown  below. 

Barley  63  bueta. 

Bean  9  buah. 

Beet   24,888  tbe. 

Cabbage   4.900  lbs. 

Carrot  14,014  Iba. 

Com  SO  biiBb. 

Plax S.5  bush. 

Oarllc  3.128  lbs. 

Oat  62  bush. 

Onion  32,640  lbs. 

The  following  are  the  average  yields  per  acre  for  three 
years  upon  the  same  farm: 


Parentp  2,728  Iba. 

Pea  23.S  busb. 

Potato   18,810  tbs. 

Rye  22.6  buah, 

SalBiry  4,690  lb*. 

Sugar  beet 13,167  lbs. 

Timothy  hay 2,800  Iba. 

Turnip     16.744  Iba. 

Wheat  40  buah. 


Barley  33.6  buah, 

Bean   6  buah. 

Be«t   14.123  Iba. 

Cftbbage 4.200  Iba. 

Carrot  7,836  Iba. 

Corn  39  bush. 

Flax   6  buBh. 

Oat  29  bush. 

We  find  that  this  farm  stands  first  in  producing  the 
greatest  yield  of  com,  and  second  in  barley.  It  also  ranks 
first  in  the  average  yield  of  these  two  crops. 


Onion  ...■ 13,192  lbs. 

Pea  '.,..20  buah. 

Potato 6.780  tbs. 

Rye  11  buah.. 

Sugar  beet  7,774  Iba. 

Turnip     16,400  Iba. 

Wheat  27.6  buah. 
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Soil  from  the  Sheridan  Experiment  Farm. 


The  Sheridan  farm  is  situated  in  the  northern  part 
of  Wyoming,  in  the  Tongue  River  valley,  at  an  elevation  of 
3J50  feet.  The  underlying  rock  is  of  the  Laramie  group 
(Cretaceous),  but  the  soil  is  alluvial,  derived  principally 
from  Paleozoic  and  Mesozoic  rocks.* 

The  native  sod  is  blue  stem  (Agropyron  sp.)?  porcupine 
grass  {Stipa  comata  Trin.)  and  Koeleria  criatata  Pers* 
Around  a  stack  of  hay  on  the  plat  were  found  growing 
sweet  clover  (Melilotus  alba  Lam.),  prairie  clover  (Kuhnistera 
sp.),  sage-brush  {Artemisia  tridentata  Nutt),  gum  plant 
(GrindeUa  squarrosa  Dunal.),  and  lupine  (Tjupinus  sp.) 

In  taking  samples  13  and  14  the  soil  appeared  to  be 
abont  the  same  to  the  depth  of  three  feet,  becoming  more 
moist,  however,  as  the  depth  increased,  and  also  a  little 
darker  in  color.  The  top  soil  was  dry  but  ^jevy  friable.  The 
soil  of  samples  15  and  16  was  very  dark,  with  the  exception 
of  five  or  six  inches  of  the  top  soil,  which  was  rather  light 
in  color.  The  ground  was  found  to  be  moist  and  soft  to  a 
depth  of  at  least  two  feet.  This  plat  had  been  irrigated  on 
July  17,and  samples  were  taken  August  15.  The  next  top  soil 
(sample  17)  was  soft,  moist,  and  dark  in  color.  At  a  depth 
of  19  inches  occurred  a  streak  of  red  soil  which  was  very 
diifficult  to  dig  through.  There  were  a  few  pebbles  found 
scattered  throughout  the  soil  of  this  farm,  consisting  of 
granite,  quartz,  limestone,  jasper,  mica  schist,  oxide  of  iron 
concretions,  and  sandstone.  The  pebbles  found  constituted 
less  than  .1  per  cent  of  the  soil.  The  lumps  found  in  the  air- 
dry  samples  were  so  very  hard  that  it  was  almost  impossible 
to  crush  some  of  them  with  the  rolling-pin.  After  being 
moistened  with  water,  the  hard  lumps  softened  very  quicks 
ly  and  the  soil  became  plastic. 

*See  Bulletin  No.  14,  page  112. 
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The  following  results  were  obtained  from  a  mechanical 
analysis  of  these  sampJea:  . 
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The  greatest  yield  of  crope , 
upon  this  farm  is  shown  below. 

Alfalfa 16,800  lbs. 

Barley  :..41.6  bUsh, 

Bean 21.6  bush. 

Beet ' 17,640  IbB. 

Buckwheat 26 .  bush.      .    , 

Carrot   97,440  lbs, 

Corn  .40  bush. 

Flax   20.6  bush. 

Lentil  9  bUsh. 

Oat .80  bush. 


per  acre  during  three  years 

Onion  20.294  lbs. 

Pea   15.1  bush. 

Potato   20.010  lbs. 

Rye  88  bush. 

Sunflower  80  bush. 

Sugar  beet 40.400  lbs. 

Timothy  hay  and 

clover  7,200  lbs. 

Turnip  48.050  lbs. 

Wheat  54.5  bush. 


The  following  are  the  average  yields  per  acre  upon  the 
same  farm  for  the  same  period  of  three  years: 

Alfalfa. 13,700  Hw.    . 

Barley 33  bush. 

Bean 11.5  bush. 

Beet 13,228  lbs. 

Carrot   . .' ..*...  .'56;i00  lbs. 

Com  ' 24  4)ush. 

Flar. 11  bush. 

Oat  49.1  hysh. 


Onion  17,806  tbs. 

Pea  15.1  bush.. 

Potato   ...12.145  lbs. 

Rye  17.6  bush. 

Sugar  beet 24,022  lbs. 

Turnip     44,990  lbs. 

Wheat .31  bush. 


This  farm  was  first  in  producing  the  greatest  yield  of 
alfalfa,  carrots,  flax,  and  rye,  and  second  in  raising  turnips, 
beans,  and  wheat.  In  the  average  yield  It  stood  first  849  a 
producer  of  carrots  and  oats. 
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Soil  from  the  Lander  Experiment  Farm.  _ 


-**^ 


The  Lander  Experiment  Farm  is  located  in  the  central 
;  part  of  the  state,  in  the  Popo  Agie  River  valley,  at  an  alti- 
)  tade  of  5,500  feet.  The  soilof  one  part  of  the  farm  is  formed 
of  decomposed  red  sandstone  and  clay,  while  another  part  is 
a  mixture  of  decomposed  marble  and  sandstone.  The  soil 
covers  the  Lower  Triassic  rocks,  and  most  of  the  material 
entering  into  the  composition  of  the  soil  came  from  the 
same  formation.*  , 

Samples  19  and  20  were  taken  from  the  prairie  sod,  upon 
which  were  growing  blue  stem  {Ayroppron  sp.),  coarse- 
leaved  sage  {Artemisia  sp.),  milk  weed  (Aselepids  sp.),  and 
rahbit-brush  (Chrt^aoihamnus  frigidua  Greene).  The  top  soil 
was  of  a  dark  red  color,  moist  to  a  depth  of  10  inches  below 
the  surface,  where  it  became  dry,  lighter  in  color  and  hard 
to  dig.  At  a  depth,  of  15  inches  a  streak  of  gravel  three 
inches  thick  was  found;  beneath  this  gravel  bed  the  soil  ap- 
peared to  be  of  red  clay,  quite  soft  and  easy  to  dig.  Sam- 
ples 21,  22,  23,  and  24  appeared  to  bfe  of  the  same  nature  as 
19  and  20,  and  occurring  under  sin^ilar  conditions.  The 
Inmps  found  in  the  air-dried  soil  were  very  difficult  to  crush 
bnt  absorbed  water  quickly  and  became  quite  friable. 

The  following  results  were  obtained  from  a  mechanical 

9 

analysis  of  these  samples: 

•See  BoUetiD  No.  14,  page  106. 


172 


Wyoming  Experiment  Station. 


No.  of 
Sample 

1 

1 

S 

•O^ 

B 
S 

■ 

m 

s 

1 

I 

a 

11 

s 

Per 

? 

Top  soil 
((V-12  in.) 

Subsoil 
(12-21  in.) 

Locality 

a 

I 
1 

Coarse  sand 
(1-.5  mm.) 

Medium  sand 
(-5-J85  mm. 

Fine  sand 
(.25-.1  mm. 

Very  fine  san 
(.1-.06  mm. 

Fme  sill 
(.01-  00ft  m 

Organic  and 
matter 

J 

Ptr 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent.    cent. 

cent. 

cent. 

cent.    cent.  '  cent. 

19 

Lander.  . 

0.245  O.ISO;  0.725!  4.270G4.245  0.820!  1.715-12.636 

1.860  3.180  1.32& 

20 

•« 

0.505  0.630|  1.475  5.03560.04520.8051  0.860 

5.510 

1.440,  2.S00i  1.115 

21 

•i 

0.140'  0.150,  0.525'  3.300,56.40518.330 

5.405 

9.915 

1.940  3.260'  O.aOO 

22 

«• 

0.185  0.165,  1.055;  4.795158.070117.100 

5.295 

8.895   1.320  2.720  0.460 

23 

** 

0.080 

O.0K5 

0.090  1.725 

47. 88515.0601  6.765 

21.62)  2.440 

3  5(10 

0.0^5 

24 

•1 

0.130 
0.219 

0.080 

0.160  1.475 

41. gCX)  10.065  8.685 

21. 625  1.800 

1 

4.020 

1  oao 

Average 

0.215 

o.en 

3.448 

54.74516.663 

4.434 

t 

13.3117  1.800,  3.207' 

The  greatest  yield  of  crops  per  acre  daring  three  years 
upon  this  farm  is  shown  below. 


Alfalfa  8,000  lbs. 

Barley  12  bush. 

Bean 16  bush. 

Beet   62,627  lbs. 

Cabbage 62,954  lbs. 

Cauliflower 11,904  lbs. 

Carrot   40,671  lbs. 

Corn 23.4  bush. 

Flax   16.1  bush. 

Lentil  2,730  lbs. 


Lettuce   5,672  lbs. 

Oat  60  bush. 

Onicn   ;  20,869.3  lbs. 

Pea  45.5  bush. 

Potato  40,933  Iba. 

Radish 3,373   lbs. 

Rye  44.5  bush. 

Sugar  beet  62,627  lbs. 

Turnip  38,928  lbs. 

Wheat  35  bush. 


The  following  are  the  average  yields  per  acre  n])on  the 
same  farm  for  the  same  period: 


Alfalfa  3,500  lbs. 

Barley   10.5  bush. 

Bean  12.6  bush. 

Beet   30,644.6-  lbs. 

Cabbage  59,157.9  lbs. 

Carrot   28,772  lbs. 

Corn   19.75  bush. 

Flax   16.1  bush. 


Oat  33  bush. 

Onion   :... 14,529.7  lbs. 

Pea  ..33.3  bush. 

Potato   ....16,303  lbs. 

Rye  19.6  bush. 

Sugar  beet ..44,357  lbs. 

Turnip     ...........34,716  lbs. 

Wheat .20  bush. 


This  farm  produced  the  greatest  yield  of  beets,  cab- 
bajfe,  peas,  potatoes,  and  sugar  beets,  and  was  second  in 
raising  the  most  onions  and  rye.  In  the  average  >ield  it 
stood  first  as  a  producer  of  beets,  cabbage,  peas,  potatoes, 
rye,  and  sugar  beets. 
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Soil  from  the  Laramie  Experiment  Farm. 


The  Experiment  Farm  is  situated  in  the  southeastern 
part  of  the  state  at  an  altitude  of  7,200  feet.  The  soil  covers 
the  Cretaceous  sandstone  and  is  composed  of  Apcliaean, 
Mesozoic^and  Paleozoic  rocks.*  Well-worn  pebbles  of  schist, 
g:Dei88,  quartz,  orthoclase,  and  granite  were  found  which 
composed  about  11  per  cent  of  the  soil. 

Samples  25  and  26  were  taken  from  the  prairie  sod, 
which  was  very  dry  and  quite  difficult  to  dig  the  first  foot. 
As  the  depth  increased  the  soil  became  more  moist  and 
much  less  difficult  to  dig  till  the  depth  of  two  feet  was 
reached,  when  a  hard  pan  was  struck  which  was  about  two 
inches  thick  and  quite  difficult  to  penetrate  with  the  spade. 
Samples  27  and  28  were  taken  from  soil  which  had  been 
cultivated,  and  which  was  found  to  be  quite  moist  at  the 
time  of  digging  the  samples.  Samples  29  and  30  were  taken 
from  a  plat  which  had  been  abandoned  on  account  of  the 
preat  quantity  of  alkali  contained  in  the  soil.  The  earth 
was  found  to  be  very  moist  to  a  depth  of  three  feet.  The 
lumps  found  in  the  air-dried  samples  25  and  26  were  very 
hard  to  crush,  but  those  from  27,  28,  20,  and  30  crumbled 
ven-  readily.  The  lumps  absorbed  moisture  quickly  and 
became  quite  plastic.  The  soil  was  of  a  light  gmy  color 
and  became  very  light  at  the  depth  of  three  feet. 

The  met-hanical  analysis  giwe  the  following  results: 

*See  Bulletin  No.  14,  p»ge  i05 


-(29) 


174 


Wyoming  Experiment  Station. 


No.  of 

1 

•o 

jSj 

Sample 

■ 

•c 

1 

6 

TJ  — 

« 

E 
6 

E 

E 

E 

t 

^_^ 

B        ,- 

e  E 

g 

9e 

E 

•o 

Top  soil 
(0-12  in.) 

Subsoil 
(12-24  in 

Locality 

1 

Si 

u 

> 

c 

U 
/Vr 

Medium  sa 
(.5-25  m 

1^ 

Per 

Very  fine  s 
(.1-.05  m 

o 

i 

C/3 

4J   W 

Per 

i 

u 

Moisture  ii 
sample 

Organic  an 
matter 

J 

Per 

Per 

Per 

Per 

/Vr 

Per 

Per      Per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent.     cent. 

25 

Laramie  . 

3.:«o 

3.030 

7.4a5 

16.295 

32.075 

8.390 

3.44019.285 

3.260 

3.060 

0.370 

26 

8.050 

4.045 

6.890 

11.780 

21.175 

5.770 

2.870|;)0.530 

2.:<eo 

2.600 

3.030 

27 

5.570 

5.070 

10.060 

19.880 

:{4.915 

2.900 

1.58514.040 

1.640  2.180  2.100 

28 

5.t55 

3.640  7.20015.575 

•>4.725 

4.750   4. 2a5 28.300!  2.740'  2.440  O.7T0 

39 

8.2^0 

4.3a5  8.515  1 6. 78n 

«  450 

5.0fi5   1.505  16. 750i  1.920  2.900  0.405 

30 

2.890 

2.650 

6.500 
7.772 

15.141 

•>7.715 
29.009 

5.490 

3.915 

29.005 
22.983 

2.940  3.040   0.655 

■ 

Average 

5.789 

3.795 

5.909 

d.iflM 

2.920 

2.477  2.703 

1 

The  greatest  yield  of  crops  per  acre  during  three  years 
upon  this  farm  is  shown  below. 


Alfalfa   6,030.4  lbs. 

Barley 94.1  bush. 

.*Reet   27,514  lbs. 

Cabbage   ...16,151  lbs. 

Cauliflower  .....2,588  lbs. 

Carrot   21,107  lbs. 

Flat  pea  3,416  lbs. 

•  Flax 18.4  bush. 

Garlic    4.309   lbs. 

Kahlrabl  15,475  lbs. 

Leek   28,189  lbs. 

Lettuce 60,984  lbs. 


Oat   109.5  bush. 

Onion  48,094  lbs. 

Parsley   21,251  lbs. 

Pea  24.9  bush. 

Potato   32,988  lbs. 

Rape  29,180  lbs. 

Radish  36,028  lbs. 

Rye  34.3  bush. 

Spinach  46,827  lbs. 

Sugar  beet 56,784  tbs. 

Turnip  68,244  lbs. 

Wheat   78.7  biisb. 


The  following  are  the  average  yields  per  acre  upon  the 
same  farm  for  the  same  period : 

Alfalfa  3,106  lbs.  Onion  37,930  Tbs. 

Barley 33.1  bush.  Pea   17.5  busb. 

Beet   16,413  lbs.  Potato   11,713   tbs. 

Cabbage 3,973  lbs.  Rye  14.2  busli. 

Carrot   13,583  lbs.  Sugar  beet  18,149.8  tbft. 

Flax    15.6  bush.  Turnip   .20,173.8    n>s. 

Oat  42.8  busb.  Wheat   29.3  busli. 

This  farm  excelled  all  the  others  in  producing  the  great- 
est amount  of  barley,  turnips,  and  wheat,  and  was  second. 
in  the  production  of  flax,  peas,  potatoes,  and  sugar  beets. 
In  the  average  yield,  it  stood  first  in  raising  flax. 


AGRICULTURAL  SOILS  OF  WYOMING. 

UMNIE  EXPEIIMENT  FIIRM. 
No.  29. 
,  Sand.  Sin.  CUy.  Oiiinic  Miner  ind  Wati-r  In  W  Gumi  ol  StMt  ind  Sub 
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Qreatest  Yield  per  Acre  on  Each  of  the  Five  Experiment 

Farms  Daring  Three  Years. 


Crop. 


BwScy  .  . 
Beaa.  . 
Beet.  .  . 
CaUfaige  . 
Canoe .  . 
Corn.  .  . 
Flaa..  .  . 
Oat  .  .  . 
(^lion.  .  . 
Pta.  .  . 
Potato. . 
Rye-  .  . 
SegiarBeet 
Tiireip.  . 
Wheal.  . 


Wheatland 


8,rd2lbs. 

.'iO  bush. 

'  26  bush. 

43,776  ft«. 

34.362  lbs. 

.  T5,!W0  lbs. 

48  bush. 

14  bush. 
74.2  bush. 
03.492  lbs. 

17  bush. 
25.740  lbs. 

31  bush. 
24,000  lbs. 
12.«>fi0lbs. 

50  bush. 


Sundance. 


53  bush. 

9  bush. 

24.888  ftM. 

4.900  lbs. 

14.014  lbs. 

50  bush. 
5.. 5  bush. 

62  bush. 
32.640  lbs. 
23.3  bush. 
laHlO  lbs. 
22.5  bush. 
13.167  lbs. 
^6.7^  lbs. 

40  bush. 


Shekidan 


Lander 


16.800  lbs. 
41.6  bush. 
21.Abush> 
17,640  lbs. 

'97.446  lbs.' 
40  bush. 

20.6  bush. 
80  bush. 

20.294  lbs. 

15.1  bush. 

20,010  lbs. 
83  bush. 

40.400  lbs. 

48,060  lbs. 

54:5  bush. 


8.000  Ibv 

12  bush. 

16  bush. 

62.627  lbs. 

62.954.2  lbs. 

40.671.3  lbs. 

23.4  bush. 
16. 1  bush. 

iiO  bush. 
20,Mi().3  lbs. 

45.5  bush. 
40.932  lbs. 
44.5  bush. 

62,627.5  lbs. 

38.02H.3  lbs. 

.  35  bush. 


Laramie 


6.030.4  lbs. 
04.1  bush. 


27:514.7  lbs. 
16.1.51.1  lbs. 
21,107.2  lbs. 

i8.4bush. 
109.5  bush. 
48.094  lbs. 
24.9  bush. 
32,988  lb«. 
34.3  bush. 
56.784  lbs. 
68.244.6  lbs. 
78.7  bush. 


Oreatest  Average  Yield  per  Acre  on  Each  of  the  Five  Experiment 

Farms  During  Three  Years. 


Crop. 


Wheatland 


Al&lia.  . 
Barley.  . 
Bean.  .  . 
Beet , 

Cabbage  . 
Carrot  .  . 
Cora.  .  . 
Yhx.  . 
Oat  . 

OnioQ  .  . 
Pea  .  .  . 
Pocato.. 
Rye  .  .  . 
iH^rBeet 
Tnrnip  .  , 
Wheat.   . 


.M13  lbs. 
27.5  bush. 

22  bush. 
20,800  ibs. 
27;»3  lbs. 
42J^W  Ibs. 

23  bush. 
9  bush. 

3D. 6  bush. 
fl0.':46  lbs. 
16.5  bush. 
6.860  lbs. 
19  bush. 
16.330  Ibs. 
10,725  lbs. 
26.3  bush. 


Sundance 


3:^.5  bush. 

5  bush. 

14.123  lbs. 

4.200  lbs. 

7.336  Ibs. 

39  bush. 

5  bush. 

29  bush. 

13.102  Ibs. 

20  bush. 

6.730  lbs. 

11  bush. 

7,774  lbs. 

15.400  lbs. 

27.5  bush. 


Sheridan 


13,700  lbs 
33  bush. 
11.5  bush. 
13.228  lbs. 


56,100  lbs. 

24  bush. 

11  bush 
49.1  bush. 
17,806  Ibs. 
15.1  bush. 
12.145  lbs. 
17.6  bush. 
24.022  lbs. 
44.990  lbs. 

31  bush. 


Lander 


3..500  Ibs. 

10.5  bush. 

12.6  bush. 

30.646.6  lbs. 
59,157  lbs. 
28,772  Ibs. 

19.75  bush. 

16.1  bush. 

33  bush. 

14.529.7  Ibs. 
33.3  bush. 
16.303  lbs. 
19.6  bush. 
44.%7  lbs. 
34,715  lbs. 

20  bush. 


Laramie 


3,106.4  lbs. 
33.1  bush. 


16.413.6  Ibs. 

3.973.6  Ibs. 

13.583  lbs. 


15.6  bush. 
42.8  bush. 
37.9:«)  lbs. 
17.5  bush. 
11,713  lbs. 

14.2  bush. 
18,149.8  lbs. 
20.ird.8  Ibs. 

29.3  bush. 
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Chemical  Analysis  of  Wyoming  Soils, 


The  soils  of  the  Wyoming  Experiment  Farms  were 
analyzed  by  E.  E.  Rlosson,  Chemist  of  the  Station,  in  1892, 
before  they  had  been  i*ultivated,  and  the  analyses  were  pub- 
lished in  Bulletin  No.  6.  As  that  buJletin  is  out  of  print* 
averages  of  the  analyses  of  the  surface  and  subsoil  of  each 
farm  are  here  republished. 


WHEATLAND  EXPERIMENT  FAEM. 

Surface 
Analysis  of  fine  earth.  1-9  In. 

Insoluble  matter 77.92 

Soluble  silica  3.52 

Potash  (K,0)   63 

Soda  (Na,0)   34 

Lime  (CaO)    87 

Magnesia  (MgO)  85 

Iron  (Fe^O.) 3.52 

Alumina  (AUO,)   6.88 

Phosphoric  acid  (PjOJ  14 

Sulphuric  acid   (SO,) 08 

Carbonic  acid  (CO^) 88 

Moisture   1.62 

Volatile  and  combustible  matter 3.62 

100.87 

Soluble  in  water 1726 

Chlorine 007 


Subsoil 
9-18  in. 

72.18 
1.36 

.41 

.34 
5.29 
1.29 
2.94 
5.09 

.15 

.08 
6.39 
1.80 
3.04 


99.36 


.0427 
.0007 
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SUNDANCE  EXPERIMENT  FAEM. 

Surface  Subsoil 

Analysis  of  fine  earth.                                             1-9  In.  9-18  In. 

Insoluble  matter    " 68.39  75.27 

Soluble  silica    98  1.87 

Potash  (K,0) 68  .53 

Soda  (Na.0)   90  .30 

Lime  (CaO)    4.97  2.30 

Magnesia  (MgO)   3.21  2.12 

Iron  (Fe,0,)   3.40  3.17 

Alumina  (AUOa)    5.42  5.86 

Phosphoric  acid  (P2O5)  18  .19 

Sulphuric  Acid  (SO,) 18  .18 

Carbonic  acid  (CO2) 6.53  1 .68 

Moisture 1.88  1.88 

Volatile  and  combustible  matter 3.60  4.36 

ioo732  99.71"" 

Soluble  in  water 0505  .0777 

Chlorine 0003  .0014 


SHERIDAN  EXPERIMENT  FARM. 

Surface  Subsoil 

Analysis  of  fine  earth.                                           1-9  in.  9-18  in. 

Insoluble  matter 81.72  71.74 

Soluble  silica    1.57  1.59 

Potash  (K,0)    52  .59 

Soda  (Na,0)   20  .34 

Lime  (CaO)    69  1.19 

Magnesia  (MgO)  94  2.26 

Iron  (Fe,0,)   2.98  4.09 

Alumina  (ALO,)    5.83  8.75 

Phosphoric  acid  (PoOJ  28  .23 

Sulphurtc  acid   (SO,) 14  .24 

Carbonic  acid  (CO,) .59 

Moisture 1.73  3.23 

Volatile  and  combustible  matter 3.81  4.92 

100.41  99.76*" 

Soluble  In  water 0498  .2701 

Clilorine ' 0008  .0014 

—(30) 
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LANDER  EXPERIMENT  FARM. 

Surface  Subsoil 

Analysis  of  fine  earth.  1-9  in.  9-18  in. 

Insoluble  matter   74.66  70.31 

Soluble  silica  2.08  2.43 

Potash  (K,0)   64  .67 

Soda  (Na,0)   24  .35 

Lime  (CaO)    3.64  6.46 

Magnesia  (MgO)   1.51  1.62 

Iron  (FeA)   2.48.  3.05 

Alumina  (A1,0,)    3  69  4  60 

Phosphoric  acid  (PjO,) 17  .18 

Sulphurtc  add  (CO,)  10  .08 

Carbonic  acid  (CO,)    2.39  4.29 

Moisture 1.78  1.57 

Volatile  and  combustible  matter 6.22  3.92 

99.60  99753~ 

Soluble  In  water 2599  .  1110 

Chlorine 0505  .0088 


LARAMIE  EXPERIMENT  FARM. 

Surface 
Analysis  of  fine  earth.  1-9  in. 

Insoluble  matter   80. 11 

Soluble  silica  2.78 

Potash  (K-O)   60 

Soda  (Na,0)   65 

Lime  (CaO)    1.14 

Magnesia  (MgO)  45 

Iron  (PeA)  • 2.79 

Alumina  (A1,0,)   4.95 

Phosphoric  acid  (PjOb)  14 

Sulphuric  acid  (SO,)    

Carbonic  acid  (COj)   69 

Moisture 1 .  87 

Volatile  and  combustible  matter 3 .21 

"99.38 

Soluble  in  water 0829 

Chlorine 001 


Subsoil 
9-18  in. 

77.28 
1.92 

.53 

.45 
3.77 

.08 
2.49 
4.71 

.15 

.07 
3.70 
1.24 
2.82 


99.21 


.0464 
.Ml 


Mechanical  Analysis  of  Soils,  179 

Professor  Hilgard,  of  the  University  of  f'alifomia,  has 
this  to  say  in  regard  to  the  amount  of  lime,  phosphoric  acid, 
and  potash  necessary  to  give  a  soil  lasting  fertility: 

"The  Ume  percentage  should  not  fall  below  0.1  per  cent 
in  thelightest  sandy  soils;  in  clay  loams  not  below  0.25  per 
cent,  and  in  heavy  clay  soils  not  below  0.5  per  cent;  and  it 
may  advantageously  rise  to  1  and  even  2  per  cent  as  a  max- 
imum. Beyond  the  latter  figure  it  seems  in  no  case  to  act 
more  favorably  than  a  less  amount,  unless  it  be  mechani- 
cally. 

"The  percentage  of  phosphoric  acid  is  that  whic^h,  in 
connection  with  the  lime,  seems  to  govern  most  commonly 
the  productiveness  of  our  virgin  soils.  In  any  of  these,  less 
than  .05  must  be  regarded  as  a  serious  deficiency,  unless 
accompanied  by  a  large  amount  of  lime.  In  sandy  loams, 
0.1  per  cent,  when  accompanied  by  a  fair  supply  of  lime, 
secures  fair  productiveness  for  from  eight  to  fifteen  years; 
with  a  deficiency  of  lime,  twice  that  percentage  would  only 
serve  for  a  similar  time. 

"The  potash  percentages  of  soils  seem,  in  a  large  number 
of  eases,  to  vary  with  that  of  'clay;-  that  is,  in  clay  soils  they 
are  usually  high,  in  sandy  soils  low;  and  since  subsoils  are 
in  all  ordinarv  cases  more  clavev  than  surface  soils,  their 
potash  percentages  are  almost  invariably  higher. 

"Th^  potash  percentage  of  heavy  clay  upland  soil,  atid 
clay  loams,  ranges  from  about  0.8  to  0.5  per  cent;  lighter 
loams  from  0.45  to  0.  30  per  cent;  sandy  loams  below  0.3  per 
cent,  and  sandy  soils  of  great  depth  may  fall  below  0.1  per 
cent  consistently  with  good  productiveness  and  durability. 
Virgin  soils  falling  below  0.6  per  cent  in  potash  seem  in  most 
cases  to  be  deficient  in  available  potash,  its  application  to 
snch  soils  being  followed  by  an  immediate  great  increase  of 
production.  Kometimes,  however,  a  soil  very  rich  in  lime 
and  phosphoric  acid,  shows  good  productiveness,  despite  a 
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very  low  potash  percentage,  and  conversely,  a  high  pota«h 
percentage  seems  capable  of  oflPsetting  a  low  one  of  lime." 
From  the  chemical  analyses  of  the  soils  of  the  five  Ex- 
periment Farms,  as  shown  by  the  preceding  tables,  we  find 
these  soils  to  contain  the  following  percentages  of  lime, 
phosphoric  acid,  and  potash: 


Lime. 

Phosphoric 
acid 

Potash 

Wheatland 

Sundance 

Sheridan 

Lander 

Laramie 

jSoil  .   .  . 
1  Subsoil  . 
j  Soil  .   .   . 
(  Subsoil  . 
fSoil  .   . 
1  Subsoil  . 
J  Soil   .   . 
>  Subsoil  . 
)  Soil   .   . 
f  Subsoil  . 

.87 
5.29 
4.97 
2.30 

.09 
1.19 
3.64 
6.46 
1.14 
3.77 

.14 
.16 

.18 
.19 
.28 
.23 
.17 
.18 
.14 
.15 

.63 
.41 
.fig 
.53 
.52 
.50 
.64 
.67 
.60 

.53 

From  this  we  conclude  that  the  soils  of  Wyoming  will 
last  at  least  for  some  years  with  continual  tillage,  and  with- 
out the  necessity  of  resorting  to  artificial  fertilizers. 


In  Bulletin  No.  5,  U.  S.  Department  of  Agriculture, 
Division  of  Agricultural  Soils,  are  to  be  found  the  results 
of  the  mechanical  analysis  of  some  typical  truck,  wheat,  and 
grass  lands.  The  typical  truck  land  was  found  at  Marley* 
Md.,  the  typical  wheat  land  at  Davidson ville,  Md.,  and  the 
typical  grass  land  at  Hagerstown,  Md. 

The  following  table  shows  the  per  cent  of  grains  of  va- 
riotiB  texture  entering  into  the  composition  of  these  Roils, 
and  immediately  following,  for  the  sake  of  comparison,  is  a 
similar  table  of  the  soils  of  Wyoming. 


Grass. 


CJravel  .... 
Coarse  Hutid  . 
Medtom  sand  . 
Fine  Mind.  .   . 
Very  fine  sand 

Silt 

Fine  silt  .   .   . 
Clay. 


Truck. 

Wheat. 

0  49 

0.00 

4.96 

0.23 

40.19 

1.71 

27.59 

6.08 

12.1 

30.82 

7.74 

20.9^ 

2  %i 

11.21 

4.4 

23.78 

0.00 

0.08 

O.R 

0.53 

10.94 

19.02 

4.C7 

51. 7S 
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Carel .... 
Cause  sand', 
Medkim  sand.- 
Fnesaiuj  .  .  . 
VoT  fine  ^and 

Sik 

Fine  sk .  .  . 
Chy 


Wheatland 

Sundance 

Sheridan 

Lander 

1.05 

0.17 

0.22 

0.21 

1.86 

0.15 

0.56 

0.21 

8.60 

0.80 

10.56 

0.67 

15  np 

1.93 

34.33 

3.44 

4o.i6 

51.49 

19.03 

54.74 

6.18 

ao.93 

5.73 

16.66 

4.33 

3.60 

1.90 

4.43 

15.19 

13.09 

20.28 

13.36 

Lianimie 


5.78 
3.79 

.77 
.90 


7. 
5. 


29.00 
5.39 
2.9e 

22.96 


From  these  tables,  and  especially  from  the  charts  which 
ifflmediatel j  follow,  one  can  readily  see  that  none  of  the 
soils  of  Wyoming  resemble  the  typical  soils  of  the  Atlantic 
Coast  States  very  closely. 

On  the  charts,  the  curves,  which  might  be  termed  "soil- 
teiture  curves,"  have  for  abscissas  the  different  sized  grains, 
and  for  ordinates  the  per  cent  af  the  different  sized  grains 
compQsmg  the  soil.  The  soils  from  Lander  and  Bundance 
are  very  similar,  while  those  from  Laramie,  Wheatland, 
Lander,  and  Sundance  resemble  one  another  in  that  they 
aJJ  contain  more  very  fine  sand  than  of  any  other  quality. 
The  soils  from  these  four  farms  resemble  the  typical  wheat 
land  of  the  east  more  than  they  resemble  either  the  truck 
or  grass  land.  The  soil  of  the  Sheridan  farm  is  more  like 
the  typical  truck  land;,  and  yet  this  farm  produced  a  better 
crop  of  alfalfa  than  any  of  the  other  four. 
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DETERMINATION  OF  MOISTURE 

«    >    •    Ipt     1  HE    •    •    • 

Soil  of  the  Laramie  Experiment  Farm 

FOR  THE  TEAR  1897. 


The  work  of  taking  samples  of  soil  was  begun  on  April 
20,  1897,  and  continued  without  intermission  till  the  first  of 
September  of  the  same  year.  The  samples  were  taken  with 
brass  tubes  about  J  inch  in  internal  diameter  and  16  inches 
long.  In  one  end  of  the  tube  a  brass  collar  had  been  se- 
curely fastened,  and  this  end  then  turned  down  on  a  lathe 
till  it  tapered  in  as  far  as  the  collar.  The  object  of  the  collar 
was  to  cut  a  core  of  earth  as  the  tube  was  driven  into  the 
soil  with  a  wooden  mallet  to  the  depth  of  12  inches.  The 
tube  with  its  contents  was  carefully  withdrawn  from  the 
earth  and  each  end  closed  with  a  rubber  stopper  to  prevent 
any  evaporation  of  moisture.  The  samples,  which  livere 
taken  each  day  at  5:30  p.  m.,  were  carefully  weighed  in 
aluminum  dishes,  placed  in  a  drying  oven  for  24  hours  and 
kept  at  a  constant  temperature  of  93°C.,  (the  temperature 
at  which  water  boils  in  this  altitude). 

Three  plats,  each  25  feet  square,  were  chosen  from 
which  to  take  soil.  Stakes  were  driven  at  the  corners  of 
the  plats  and  ropes  stretched  around  to  prevent  trespassing. 
Plat  No.  1  was  on  the  prairie  sod,  upon  which  were  growing 
buffalo  grass  {Bulhilis  dactyloides)  and  blue  stem  (Agropyron 
sp.)  Plat  No.  2  was  on  ground  which  had  been  plowed  and 
harrowed  but  not  subsoiled.  In  Plat  No.  3  the  soil  had  been 
plowed,  subsoiled,  and  harrowed.  Both  Plats  Nos.  2  and  3 
were  planted  to  Surprise  oats  on  May  4th,  irrigated  June 
27  and  July  20,  and  harvested  August  16.  The  results  were 
as  follows:  Length  of  straw  from  both  plats,  3.2  feet; 
length  of  stubble,  .2  feet;  yield  of  straw  on  Plat  No.  2,  2,184 
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.  pep  acre;  on  Plat  No.  3,  2.209  lbs. ;  yield  of  grain  on  Plat 
b.  2, 1,193.7  lbs. ;  on  Plat  No.  3,  2,209.6  lbs. 

The  etching  which  accompanies  this  article,  is,  doubt- 

8,  self-explanatory.     It  may,  however,  be  well  to  state 

at  the  heavy  dark  Jines  extending  from  the  bottom  of  the 

ge  towards  the  top  represent  the  amount  of  rainfall  in 

ches,  as  indicated  by  the  scale  at  the  left. 

In  the  tables  which  follow  I  have  calculated  the  per 

cent  oi  moisture  in  terms  of  the  total  weight  of  the  soil  as  it 

came  from  the  field.    I  f oimd  that  the  amount  of  moisture  in 

mples  of  the  same  soil  taken  the  same  day,  and  not  more 

n  12  inches  apart,  varied  from  2  to  4  per  cent.    In  the 

ibies  the  original  figures  are  printed  and  not  data  from  the 

phical  representations. 

The  first  thing  to  be  observed  on  the  chart,  perhaps, 
11  be  the  fact  that  the  highest  part  of  the  curve  is  reached 
0  or  three  days  after  a  heavy  fall  of  rain,  which  is  doubt- 
is  caused  by  seepage  of  water  from  a  higher  level,  as  the 
nn  slopes  toward  the  east  about  two  feet  in  every  hun- 
'red.    On  the  prairie  sod,  Plat  No.  1,  the  general  trend  of 
fie  curve  was  down  to  about  5  per  cent,  which  point  it 
ached  at  the  end  of  June.    From  this  on  till  the  end  of  the 
ason  the  curve  fluctuated  between  5  and  9  per  cent. 

Just  before  the  first  irrigation  the  moisture  content  of 

he  soil  from  Plat  No.  1  was  about  8  per  cent,  from  Plat 

^0.  2  6^  per  cent,  and  from  Plat  No.  3  7  per  cent.    Before 

he  second  irrigation  the  moisture  content  in  Plat  No.  1 

as  7  per  cent,  in  Plat  No.  2  8  per  cent,  and  Plat  No.  3  7 

r  cent.    At  the  end  ofthe  season  we  find  that  in  the  prairie 

d  the  moisture  content  was  6  per  cent,  while  in  the  culti- 

ated  it  was  6^  per  cent,  and  in  the  subsoiled  land  8^  per 
'cent.  After  the  first  irrigation  the  moisture  content  fell 
during  four  days  8  per  cent  in  the  cultivated  and  7^  per  cent 
in  the  subsoiled  ground ;  while  after  the  second  irrigation  it 
fell  the  first  four  days  only  3  per  cent  in  the  cultivated  and 
4  per  cent  in  the  subsoiled. 
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WYOMING  SUGAR  BEETS. 


BY   E.  E.  SLOSSON. 


So  many  inquiries  have  been  received  by  this  Station 
asking  whether  sugar  beets  can  be  raised  successfully  in 
Wyoming  and  whether  it  is  possible  to  establish  factories 
here,  that  the  earlier  bulletins  on  the  subject  have  long  been 
out  of  print  and  it  becomes  necessary  to  issue  another  bul- 
letin to  include  a  summary  of  all  the  experiments  made  in 
raising  sugar  beets,  and  to  give  sufficient  data  on  the  sugar 
beet  industry  for  our  farmers  and  land  owners  to  decide  on 
its  practicability. 

The  Station  has  raised  sugar  beets  on  the  experiment 
farms  in  different  parts  of  the  state  for  seven  years,  and 
besides  this,  sugar  beet  seed  has  been  distributed  free  of 
charge  almost  every  year  to  all  farmers  ^ho  would  agree 
to  try  raising  beets  and  would  send  samples  for  analysis. 
The  results  obtained  by  the  free  distribution  of  seed  have 
been  uncertain  and  unsatisfactory.  Not  very  many  farmers 
have  expressed  a  willingness  to  cooperate  with  the  station 
in  this  way,  and  of  those  who  were  given  seed  and  agreed 
to  report  and  send  samples,  only  a  small  proportion,  from 
a  tenth  to  a  third,  have  been  heard  from  since.  We  are 
therefore  all  the  more  grateful  to  those  who  have  complied 
with  the  conditions  and  thus  assisted  the  Station  in  its  ef- 
forts to  give  the  experiments  wider  range. 

This  year  a  limited  amount  of  sugar  beet  seed  will  be 
^tributed,  but  care  will  be  taken  that  it  is  sent  only  to  re- 
sponsible parties  who  will  give  it  a  fair  trial  and  report  re- 
sults whether  good  or  bad. 

The  following  tables  give  all  the  experiments  in  sugar 
beet  culture  in  Wyoming  of  which  we  have  record.  Al- 
though they  are  few,  yet,  covering  as  they  do  so  many  years 
of  varying  weather  and  representing  all  the  principal  agri- 
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cultural  regions  of  the  state,  they  give  a  basis  for  a  pretty 
accurate  judgment  of  what  may  be  expected  of  this  branch 
of  agriculture.  Some  of  the  analyses  of  each  year,  and  all 
of  those  of  1897,  were  made  by  the  Department  of  Agricul- 
ture at  Washington.  The  rest  were  analyzed  in  the  Chem- 
ical Laboratory  of  the  University  of  Wyoming. 

Yields  reported  by  private  parties  are  all  excluded,  as 
some  of  them  are  manifestly  incorrect  and  there  was  no  way 
of  judging  how*  accurate  the  rest  were.  The  yields  from  the 
experiment  farms  were  calculated  from  actual  weights  of 
the  crop  from  plats  of  known  area.  The  average  does  not, 
however,  represent  exactly  what  may  be  expected  in  prac- 
tice, for  beets  of  many  varieties,  some  of  them  inferior,  were 
grown,  and  several  methods  of  cultivation  and  kinds  of  soil 
were  tested.  Since  the  unsuccessful  are  included  with  the 
successful,  the  average  yield  is  less  than  if  approved  seed 
and  methods  of  cultivation  had  been  used.  On  the  other 
hand,  in  part  of  the  experiments  only  small  plats  were  used, 
which  gives  an  inaccurate,  generally  excessive,  yield  per 
acre.  On  the  whole,  the  averages  of  yields  are  believed  to 
give  a  fair,  though  only  approximate,  idea  of  the  production 
of  sugar  beets  in  the  localities  represented  by  the  exj>eri- 
ment  farms  during  the  period  of  seven  years. 

EXPLANATION  OF  TERMS. 

In  analyzing  beets  the  juice  is  extracted  and  its  spe- 
cific gravity  determined;  that  is,  its  weight  compared  with 
an  equal  volume  of  water.  From  this  is  calculated  the  per 
cent  of  solid  matter,  including  sugar,  in  the  juice.  The 
amount  of  sugar  is  then  determined  by  the  polarisoope. 
Since  about  95  per  cent  of  the  beet  is  juice,  subtracting 
five  per  cent  of  this  gives  the  per  cent  sugar  in  the  beet. 
Dividing  the  per  cent  sugar  in  the  juice  by  the  total  solids 
in  the  juice  gives  the  "purity."  For  example,  if  there  are 
20  per  cent  of  solid  matter  and  15  per  cent  of  sugar,  the 
purity  is  15  divided  by  20,  or  75. 
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•• 

<a 

II            If 

ll               ** 

12.5  ' 

73.5 

rf 

II 

*t             aa 

ll               ll 

•      •      • 

13.2  1 

75.7 

•t 

■« 

Experiment  Farm 

Lane's  Improved 

7.0 

J?  ?  i 

75.8 

M 

Safatoga 

al                        ll 

Vilmorin  Improved 

17.4 

15.1  ' 

80.1 

* 

II  "^ 

al                        la 

ll               II 

II 

15.5 

82.7 

•  • 

!• 

al                        II 

If               ll 

** 

11.4 

77.9 

fl« 

Cooper  

•  a 
al 
If 

al 
l< 

Wheatland    .!.... 

E.  S.  R.  Boughton 

•  •                        t  a 
la                          la 
aa                          al 
It                          11 
ll                         II 

Experiment  Farm 

•   •   • 

13.8 

77.4 

« 

.   .   . 

16.0 
13  0 

78.4 

<r 

?2.9 

<• 

.   .   . 

15. S 
19.9  1 
14.4 
16.9- 

77.8 

»• 

.   .   .  1 

80.7 

'. 

70.4 

•« 

K  lein  wanzlebener 

.  1 

88.2 

■f 

'* 

•1             1 

ll 

.   .   .  1 

14.1  , 

M.3 

«■ 

II 

ll             1 

ll 

.   .  1 

13.0 

80.7 

<• 

a< 
la 
la 

ll             I 
II             1 

II              1 

1.8  , 
11 

7.2  1 

22.5  1 
21.3  1 
19.5  , 

80.9 

M 

90.1 

« 

Vilmorin  Improved 

88.0 

•  < 

aa 

■I              I 

ll               ll 

ll 

22.0  1 

86.9 

•  • 

«« 

•  a                        1 

la                          It 

ll    1 

21.6 

84.3 

M 

Laramie 

•• 

A.  Fisher 

al              It 

.  .   .  1 

20.8  1 
13.7  1 

86.6 

ll 

74.7 

•  •  ■  1 
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(t 

> 

1801 
« 

<■ 

ia 
•  f 
<< 
<• 

4i 


1802 
<« 

<  a 
<a 
a< 
** 
<a 
<• 

5# 
«a 
<< 
«a 
<< 
(« 
<a 
4t 
H 
aa 

•  < 

•  < 
«( 
<a 
<a 
<a 
ta 

•  a 
a< 
a( 
<a 

•  a 
t< 
aa 
f( 
aa 
tt 
a< 
«a 
aa 

«( 


«( 

a< 
a  a 
a< 


PLicc. 


Grown  by 


Sheridan.  . 

•  a 

lender  .    . 

aa 

Sundance  . 
Crook  County  . 

Johnson  County 
Larnmie  Count)' 

•  a  << 

•  a  << 

Sheridan  .    .    . 


Laramie 

•  a 

•  a 
<a 

•  a 


aa 


Saratoga 

it 

Wheatland 


Sundance 


aa 
aa 
a< 


a< 

Sheridan 


aa 
aa 
n 


Cxi>eriment  Farm 


<a 

•  4 


C.  £.  Lincoln 

•  <  aa 

S.  Morgridge 
R.  M.  Walker 
A.  C.  Hubbard 

<a  aa 

Experiment  Farm 
Experiment  Farm 


a< 
«a 
n 


<a 
aa 
t* 
aa 
aa 
<a 


aa 
<a 
a< 
a< 
<a 

ti 
t< 

a< 
aa 
a  a 
<< 
It 


James  King 

aa  a< 

Experiment  Farm 


aa 
<< 
a  a 
aa 
tt 
tt 

ti 

tt 
It 
tt 
1 1 
tt 
tt 
tt 
t . 


tt 
It 
tt 
H 
tt 
tt 


tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 

n 
tt 
t  a 
tt 
tt 
tt 
tt 
tt 
tt 
a  a 
tt 
t  , 
<< 
<< 
tt 
II 


Variety 


Lane's  Imperial 

<a  <a 

Kleinwanzlebener 

4« 
a< 
aa 
tt 
tt 
It 


V'ilmorin  Improved 


<a 


<a 


Lane's  Imperial 


a> 
It 


<a 

I  a 


if  It 

Kleinwanzlebener 

<a 

White  French 
Vilmorin  Improved 

ta  <« 

Lane's  Imperial 

It  aa 

French  YeUow 

a  a  a< 

Lane's  Imperial 

French  White 
It         I* 

Kleinwanzlebener 


e 
o 


French 

Vilmorin  Improved 

Kleinwanzlebener 

French 

•      •      • 

Vilmorin  Improved 
Klerawanzlebener 

• 

Vilmorin  Improved 

4  a                            <a 

H.6 

<  a                            a< 

1*                            «< 

•  <                             tt 

tt                           It 

tt                              aa 

a<                         << 

•  * 

Kleinwanzlebener 

•  a 

0.3 

a  a 

t  a 

<< 

aa 

<< 

a< 

<a 

<a 

10.8 


8.0 

4  ■ 

s  • 

11.8 


It 
14.6 

a< 
<a 

10.0 

at 
t  a 
t< 

4.3 

at 

tt.6 
2.3 

at 

6.. 5 

«  « 

19.0 

t  a 

12.5 
15.1 

aa 

12.0 
tt 


fl 

M 

3 

e  A' 

u  C 
4»  — 

fiu 


17.5 
14.4 
17. K 
is.  3 
11. a 
13.3 
14.9 
13.3 
9.4 
14.2 
12.8 
13.8 

8.8 
10.0 
11  1 
12.7 
12.6 
13.6 
12.6 
14.2 
8.6 
9  2 
12.6 
13.1 
13.1 
16.1 
15.6 
12.5 
16.1 
15.2 
12.7 
12.0 
18.3 
16.9 
14.2 
14.8 
20.8 

18  7 
16.0 
21  5 
14.0 
14.8 
14  0 
10.0 
14.2 
13.2 

9  6 
14.6 
14.0 
11 

9 
15.3 

19  6 
17 
21 
21 
23.0 
21  0 


4 

.5 


.1 
.6 
.4 


3 
OU 


86.6 
>S.6 
85.3 
77.5 
70.8 
T.iM 
772 
?2.5 
77.2 
70.2 
rf).0 


64.1 
70.5 

?:* 

74.9 

76.0 

74  1 

71.9 

76.1 

64.3 

70.3 

78.3 

77 

74. 

78.6 

81 

72. 

77 

75. 

71 

69.6 

83  3 

84.5 

82  3 

81.8 

9(K5 

82.6 

87.7 

86. 9 


5 


1 

.9 

.8 

.0 
»> 


78.7 

86.2 

81  5 

87.7 

67.6 

71.8 

66.2 

82.1 

76.7 

63.3 

60  6 

74.0 

7^.9 

776 

V4.6 

84.3 

86.6 

86.6 
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Results 

0/  Sugar 

^^^/  Culture  in 

IVyoming^ — (Continued.) 

1 

Place 

Grown  by 

Variety 

1 

ll 

ield. 
acre 

■g 

> 

> 

Of 

0, 

ins. 

Sheridan 

Experiment  Farm 

Vilmorin  Improved 

20.1 

10.0 

85.4 

(1 

1       •« 

it              *t 

at                             at 

a- 

18.6 

87.9 

<f 

ti 

1                •  . 

fi              if 

Lane's  Imperial 

12.5 

18.3 

85.9 

i( 

•i 

if              It 

it            it 

ft 

17.1 

87.6 

«< 

1       •< 

1                • 

c«                            ft 

French  Yellow 

19.0 

18.2 

74.4 

(i 

1       it 

ft              <i 

French  White 

■      •      • 

17.2 

87.2 

« 

1  Hatton  .   . 
Torrey  .   . 

C.  A.  Chase 
Eld  Cussack 

20.8 
17.1 

86  2 

<■ 

Vilmorin  Improved 

*      •      • 

76.6 

*• 

1       "       .   . 

ff         it 

it  '             tt 

•      •      « 

20.9 

83.8 

ft 

1  Forks  .  .   . 

A.  D.  Brown 

Klein  wan  zlebener 

«      •      ■ 

16.3 

78.3 

<• 

'         ti 

i                                •      •        • 

if           fi 

t* 

•      •      • 

13.3 

74.4 

•• 

,  Mountain  View 

M.  Manley 

Vilmorin  Improved 

a        •        ■ 

30.6 

85.5 

it 

1              4i                    «« 

ti        it 

it                          at 

•        •        • 

18.3 

79.9 

tt 

1  Leo 

J.  W.  Bennett 

Klein  wan  zlebener 

■        •         • 

11.7 

75.6 

ft 

1 

•    •      •      ■ 

tt                    ai 

t< 

■        «         • 

12.0 

82.2 

«( 

it                    ft 

tt 

•        •         • 

13.9 

76.8 

<« 

,  Inyan  Kar 

a 

S.  A.  Young.  .   .   . 

Vilmorin  Improved 

•        «         ■ 

17.1 

72.6 

«• 

I  Beaver  .   . 

Chas.  Kice  .... 

at                            ff 

•        ■         • 

23.3 

86.3 

•• 

Ohlman  . 

R.  Niver 

Klein  wanzlebener 

•        «         • 

19.9 

87.1 

<< 

•ft 

•     * 

<t      tt 

■   ■   •   .   • 

<f 

21.6 

86.0 

i< 

Laramie. 

R.  Henke 

ti 

•        •         • 

17.3 

85.5 

•« 

Cheyenne 

H.  H.  Hood.  .   .   . 

■        •        • 

15.0 

71.7 

la 

i. 

it         ft 

14.1 

?2.9 

•  < 

Bis  Horn 

R.  M.  Hays  .  .   .   . 

21.2 

87.0 

U 

i-        .< 

if         it 

•     •      •      • 

•        ■        • 

19.0 

85.6 

1883. 

Laramie . 

Experiment  Farm 

Vilmorin  Richest 

•        •        ■ 

13.1 

78.8 

«> 

i< 

•     • 

it              it 

Klein  wan  zlebener 

•        ■         • 

12.5 

75  9 

«> 

at                      it  . 

Knauer  Imperial 

•        •         ■ 

12.3 

75.9 

rf 

Sybille   . 

Alfred  Bridget 

Vilmorin  Richest 

■        •        • 

15.7 

79.1 

•i 

Saratoga 

Experiment  Farm 

K  lein  wan  zlebener 

16.3 

16.0 

81.5 

ii 

t« 

•1              if 

Improved  Bulteau 

13.6 

16.8 

83.9 

<• 

ti 

fa                      fa 

li                      ft 

af 

20.1 

82.7 

•f 

«i 

tt                      ft 

Vilmorin  Richest 

16.3 

15.0 

85.0 

■• 

ii 

ft                       ai 

it             f« 

aa 

21.4 

86.1 

n 

\ 

tt                       ti 

Kleinwanzlebener 

ta 

15.9 

84.8 

tt 

Sundance 

fa                       at 

it 

3.1 

13.4 

72.3 

u 

fi 

ii                       <f 

•  1 

3.0 

17.1 

76.0 

(t 

i< 

it                       ti 

ta 

at 

15.4 

76.0 

■( 

ai 

ta                       at 

at 

ff 

13.8 

r3.7 

« 

ii 

if                       tt 

Vilmorin  Richest 

3.8 

14.9 

72.0 

*' 

<a 

ta                        if 

ta                      << 

aa 

16.9 

87.8 

•f 

Lander  . 

ai                         aa 

at                       af 

20.5 

15.4 

77.4 

•1 

it 

at                        it 

Knaucr's  Imperial 

21.0 

15.6 

80.9 

•f 

•i 

ta                        aa 

Kleinwanzlebener 

24.0 

15.1 

78.7 

<< 

it 

af                         at 

Improved  Bulteau 

20.5 

15.0 

83.1 

■< 

•  « 

ta                        tt 

11                        at 

ta 

14.9 

85.4 

« 

Wheatland 

tt                        tt 

Vilmorin  Richest 

6.2 

17.7 

86.9 

m 

it 

f                        tt 

tt             it 

tt 

21.6 

86.1 

«i 

It                       tt 

Knauer's  Imperial 

6.8 

16.9 

85.1 

It 

if 

tf                        tt 

Kleinwanzlebener 

fi 

21.2 

86.4 

<t 

•  i 

tt                        t* 

Improved  Bulteau 

6.0 

21.8 

89.1 

« 

Sheridan    . 

tt                        tt 

tt             it 

10.5 

13.0 

78.0 

la 

fi 

* 

tt                       ft 

it             it 

ft 

17.0 

86.3 

it 

\        •* 

tt                       tt 

fi             tt 

It 

17.1 

82.0 

II 

at 

tt                       tt 

K  lein  wan  zlebener 

17.0 

16.3 

86.1 

i< 

1               <« 

ii                        ft 

ft 

€< 

16.8 

78.9 

•■ 

John  Astle 
M.  Manley 

Desprez  No.  2 

B           ■            • 

12.9 

81.5 

<• 

1  Mountain  View 

■      •      ■      « 

Kleinwanzlebener 

•            ■            * 

13.1 

\    72.4 
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> 


1894 


1895 


1896 


1897 


Place 


Laramie 


Sheridan 
«« 


Sundance 

<< 
Wheatland 


Laramie. 
<« 

<• 

Sundance 

Lander . 
•  • 

«• 

<• 


Laramie. 
•( 

<« 

«< 

<< 

•  * 

Sheridan 

•  4 

Laramie  . 


Centennial . 
Fenton  . 
Shell   .    .    . 
Fenton  .   . 
Bonanza.  . 

Burlington . 
Corey  hurst. 
Douglas. 


<f 
<< 

Orin    .   . 
Douslas  . 
Sundance 
Lander  . 
Buffalo  . 


Grown  by 


Experiment  Farm 


«• 
<■ 


Experiment  Farm 


•  < 


•f 
«< 
•< 


Experiment  Farm 


James  King 
Experiment  Farm 


A.  L.  Foster 
W.  Thayer 
Peter  Enders 
W.  Thayer 
O.  C.  Morgan 
J.  E.  Heron 
W.  E.  Guylamp 
L  M.  Carey 
Robt.  Fryer 
J.  A.  Brockway 
Alex.  Brockway 
WiUard  Virdin 

i.  M.  Brockway 
>avid  Brockway 
F.  M.  Haynes 
Robt.  Fryer 
Lawrence  Mauch 
Experiment  Farm 
J.  A.  Fisher 


Variety 


K  leinwanzlebener 
Vilmorin  Improved 
White  Silesian 
New  Danish 
Meltee 

Vilmorin  Improved 
K  lei  n  wan  zlebener 
White  Silesian 
Meltee 

White  Silesian 
Vilmorin  Improved 
K  lein  wan  zlebener 
Knauer's  Imperial 
Kleinwanzlebener 

K  lein  wan  zlebener 

Improved  Keilholz 

Improved  lion 

Keilholz  Imperial 

Kleinwanzlebener 
<( 

•t 

*t 

Vilmorin  Improved 
Hayne's  Improved 
Kleinwanzlebener 

Kleinwanzlebener 
Ertragreicher 
Improved  Keilholz 
Keilholz  Imperial 
Keilholz  Lion 
Zucherreicher 


Kleinwanzlebener 


it 


tt 
tt 


5.8 

1.5 

3.7 

5.3 

6.2 

5.4 

23.2 

20.3 

19.6 

17.4 


9.4 
0.0 
4.6 
8.4 
6.2 
0.0 
5.9 
7.3 


7.2 
5.8 
6.4 


13.9 
11.7 
13.7 

•      •       • 

80.7 
75. a 
77.0. 

•       •       • 

12.2 
19.7 
19.0 
30.3 
22.3 
15.8 
18.5 
22.7 
20.4 
12.0 
22.6 
16.0 
17.9 
24.3 
17.0 
18.1 
19.0 
15.8 
16.3 
15.6 
17.1 
12.5 
11.3 


77.3: 
88.1 
89.2 
92.1 

•        • 

83  4 
85.0 
87.2 
85.3 
70.2 

84.0 
83.5^ 

77.7 
86.3 
83.2 

80.2 
80.4 


72.0 
75.2 
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Resulis  of  Sugar 

Beet  Culture  in 

W^i^wmjf— (Conti  n  ucd .) 

\ 

Place 

Grown  by 

Variety 

ii. 
i 

cent  sagar 
beets 

M 

•nK 

>» 

8 

> 

>< 

•c 

1807. 

Bufialo 

J.  A.  Ftsher 
£.  P.  Gossett 

Klonwanzlebener 

0.1 

•       ■       • 

•» 

*• 

13.4 

76.9 

«• 

Wheatland 

W.  J.  Hooacon 
G.  W.  Watkins 

15.5 

79.5 

u 

»« 

17.1 

86.9 

»• 

4t 

S.  V.  Moody 

16.8 

85.8 

M 

*• 

G   F.  Frederick 

14.7 

81.0 

»« 

Freeland 

C.  M.  Cheney 

17.3 

78.6 

M 

•« 

•i           •> 

19.6 

•      •      • 

M 

Daytoo 

R.  A.  Frazier 

16.2 

•      •      • 

>« 

»( 

*4                     ai 

19.6 

•           V           • 

•• 

Sheridan 

Experiment  Fann 

12.4 

18.0 

89.1 

Comparatiue  Table  Showing  Results  of  Sugar  Beet  Culture  on  the  Ex- 
periment  Farms  from  i8gi  to  i8gj.  Inclusive. 


EXPERIMENT  FARM. 


Lasxler.  ... 
Laxamie.  .. 
Steridan... 
Scmdaoce. . 
Whcadaad. 


Average 

Average 

yield. 

per  cent 

tons 

sugar 

per  acre 

in  Mets 

19.24 

15.25 

5.09 

13.26 

13.25 

18.36 

4.50 

14.76 

9.61 

17.85 

Average 
purity 


81.01 
75.50 
83.93 
75.34 
86.20 


DISCUSSION  OF  RESULTS. 

From  this  table  it  will  be  seen  that  the  region  about 
Bundance,  when  irrigation  is  not  possible,  and  the  elevated 
plateau  along  the  Union  Pacific  represented  by  Laramie,  do 
not  give  satisfactory  results.  While  the  yield  and  quality  of 
the  beets  given  in  the  table  is  below  what  might  be  ex- 
pected in  farming  in  the  ordinary  way,  yet  large  crops  can- 
not be  depended  upon  in  either  of  these  localities.  The 
Lander  valley  gives  remarkably  good  results,  but  on  ac- 
eonut  of  lack  of  railroad  facilities  it  would  be  impracticable 
to  establish  a  factor^'  there  at  present.  For  the  same  reason 
the  Big  Horn  valley  must  wait,  although  from  its  resem 
blance  to  the  Sheridan  district  and  from  the  good  results 
obtained  this  year  and  reported  in  the  preceding  pages,  it 
would  prove  well  suited  to  beet  growing.    The  Wheatland 
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«and  Sheridan  farms  have  given  every  year  good  yields  and 
the  beets  are  of  extraordinary  richness  and  purity,  and  there 
seems  to  be  no  reason  why  factories  in  their  vicinity  should 
not  be  successful. 

Irrigated  land  has  a  great  many  advantages  over  land 
depending  on  the  caprice  of  nature  for  its  water  supply. 
Sugar  beets  require  a  large  and  continuous  supply  of  water 
during  the  early  part  of  the  growing  season,  while  abun- 
dant rains  in  the  autumn  lower  the  sugar  content  very  ma- 
terially. Many  instances  have  occurred  where  crops  were 
severely  injured  by  late  rains,  and  the  newspapers  report 
that  one  of  the  largest  sugar  factories  in  the  west  will  re- 
main idle  this  season  on  account  of  drought.  Sugar  beets 
are  injured  by  too  warm  weather,  but  require  an  abundance 
of  sunshine,  of  which  in  this  country  there  is  no  lack.  One 
disadvantage  of  the  climate  of  Wyoming  is  the  shortness 
of  the  season,  on  account  of  which  beets  do  not  always  have 
time  to  fully  mature,  and  crops  cannot  be  put  in  at  differ- 
ent times  so  as  to  secure  succession  of  ripe  beets  at  the  fac- 
tory while  in  operation.  It  would  probably  be  necessary  to 
put  most  of  the  beets  in  silos.  An  objection  often  raised 
against  growing  beets  in  the  arid  region  is  the  presence  of 
alkali.  According  to  our  experience,  the  alkali  in  this 
state,  which  consists  chiefly  of  sodium  and  magnesium  sul- 
phate, does  not  interfere  with  the  growth  of  the  beets  or 
perceptibly  impair  their  quality.  Good  crops  of  satisfactory 
richness  have  many  times  been  grown  in  ground  strongly 
impregnated  with  soluble  palts,  and  in  1897  an  experiment 
bearing  directly  on  this  point  was  carried  out  on  the  Lara- 
mie farm.  Three  plats  were  planted ;  two  of  them  were  of 
the  best  land  of  the  farm,  and  of  these  one  was  cultivated  in 
the  ordinary  way  and  the  other  was  subsoiled.  The  third 
plat  was  of  the  worst  alkali  land  that  could  be  found  and  on 
which  most  crops  could  not  be  grown  at  all.  The  results 
were  as  follows: 
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Yield 

Per  cent 

sugar 

in  beets 

Purity 

Alkaitland 

7.2 
0.4 
5.8 

10.0 
Ut.7 
20.3 

80  % 

Good  land.  subsoQcd 

88. 2 

Good  land,  not  subsoiled 

02.7 

IMPORTANCE  OF  THE  BEET  SUGAR  INDUSTRY. 

The  rise  of  the  beet  sugar  industry  is  a  remarkable  ex- 
ample of  what  can  be  accomplished  by  science  applied  to 
agriculture.  In  the  beginning  nothing  could  seem  more 
hopeless  than  that  sugar  beet  could  compete  with  cane  su- 
gar. The  beets  contained  only  about  six  to  eight  per  cent 
of  sugar,  the  impurities  could  only  be  removed  by  difficult 
chemical  processes,  and  to  grow  the  beets  properly  required 
skilled  and  expensive  labor.  The  sugar  cane,  on  the  con- 
trary, was  rich  and  grew  with,  tropical  luxuriance,  while 
the  harvesting  and  sugar  making  was  done  by  the  cheapest 
labor  in  the  world.  Today  out  of  7,000,000  tons  of  sugar 
produced  annually,  about  5,000,000  tons  are  made  from 
beets.  Within  the  last  ten  years  there  has  been  an  increase 
of  50  per  cent  in  the  world's  production  of  sugar  and  in  con- 
sequence of  its  lower  price  a  corresponding  increase  in 
consumption.  The  United  States  consumes  annually  about 
2,000,000  tons,  or  64  pounds  a  year  for  each  man,  woman, 
and  child.  At  present. about  84  per  cent  of  this  is  imported, 
but  if  the  beet  sugar  industry  continues  to  develop  we  will 
in  time  be  growing  our  own  supply  of  sugar. 

The  following  figures  show  the  amount  of  sugar  pro- 
duced from  cane  and  beets  during  the  past  four  years  in  the 
United  States: 


• 

Beet 

Cane 

18W-5 » 

1896^1 

]SG$-7.  ..            

20,000  tons 
30.000    " 
40.000    " 
70.000    " 

317,000  tons 
237  000    •' 
27.T  0()0    '* 

IW7-8 

287.000    '• 

To  supply  the  United  States  with  sugar  from  beets 
would  require  a  million  acres  of  that  crop  and  500  facto- 
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ries,  so  there  is  no  danger  of  over-production.  Whether 
the  price  of  the  product  will  be  much  lower  in  the  future 
than  it  is  now  depends,  of  course,  on  competition,  invention, 
and  legislation,  and  it  would  be  unsafe  for  anyone  to  make  a 
prediction  in  regard  to  it. 

PROCESS  OF  MANUFACTURE. 

The  conditions  under  which  a  beet  sugar  factory  would 
be  successful  can  be  better  understood  if  a  brief  descrip- 
tion is  given  of  the  process  of  extracting  the  sugar  from 
the  beets.    The  beets,  on  being  received  at  the  factory,  are 
sampled,  analyzed,  and  the  tare  or  deduction  for  dirt  deter- 
mined.   Thev  are  then  floated  in  a  flume  to  the  washer  and 
after  being  thoroughly  cleaned  are  sliced  into  thin  trian- 
gular pieces  known  as  cossettes.    These  are  packed  into  a 
diffusion  battery  consisting  of  ten  to  fourteen  cells  holding 
about  two  tons  each.    A  continuous  stream  of  hot  water 
is  passed  through  the  battery  in  such  a  way  that  the  fresh 
water  enters  tlje  cell  where  the  cossettes  are  most  nearly 
exhausted.    When  all  the  sugar  has  been  extracted  in  this 
way  the  cossettes  are  pressed  and  used  as  cattle  food.    The 
water  extracts  from  the  beets  not  only  the  sugar  but  also  a 
number  of  impurities  which  must  be  gotten  rid  of  before 
crystallizing  out  the  sugar.    The  juice  is  first  treated  with 
two  or  more  per  cent  of  slaked  lime  and  the  excess  of  lime 
precipitated  by  passing  in  carbonic  acid  gas.    After  filtering 
under  pressure,  the  juice  is  again  treated  with  a  smaller 
quantity  of  lime  and  finally  with  sulphurous  acid  gas  to 
completely  decolorize  it.    By  evaporating  off  the  water  from 
the  purified  solution  sugar  is  obtained.    This  process  is  not, 
however,  as  simple  as  it  seems,  for  it  would  take  too  long  to 
evaporate  it  at  low  temperature,  while  if  it  were  boiled  the 
sugar  would  burn.    This  diflflculty  is  obviated  by  reducing 
the  pressure  and  boiling  oflf  the  water  at  low  temperature  in 
a  partial  vacuum.    This  is  done  in  a  series  of  three  or  four 
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tanks,  the  steam  from  one  serving  to  boil  the  next.  The 
final  evaporation  is  done  in  a  large  ^'vacuum  pan,"  holding 
some  thirty-five  tons,  and  when  the  crystals  of  sugar  have 
become  of  the  proper  size  the  sugar  is  separated  from  the 
molasses  by  a  centrifugal  machine  and  dried. 

PRICES  PAID  FOR  BEETS. 

Under  present  conditions  sugar  making  pays  a  good 
profit  to  both  manufacturer  and  farmer.  A  sugar  factory 
of  average  capacity  pays  out  thirty  or  forty  thousand  dol- 
lars in  wages  during  the  season  and  farmers  receive  about 
four  dollars  a  ton  for  the  beets.  The  price  paid  for  beets 
usually  varies  with  their  quality,  since  it  costs  more  to  ex- 
tract the  sugar  from  poor  beets  than  from  rich  ones,  and 
the  manufacturers  make  great  efforts  to  induce  the  farmers 
to  work  for  quality  rather  than  quantity.  Two  things  are 
taken  into  consideration,  the  total  amount  of  sugar  in  the 
beets  and  the  purity  of  the  juice.  At  the  Nebraska  factories 
this  year  the  rates  are  as  follows : 

12  to  14  per  cent  sugar,  purity  not  less  than  78 |4.00 

14.5  to  15.4  per  cent  sugar,  purity  not  less  than  78 4.25 

13.5  to  16.4  per  cent  sugar,  purity  not  less  than  78 4.50 

etc.,  etc. 
A  reduction  of  50  cents  per  ton  for  each  per  cent  of 
sugar  below  12,  and  a  reduction  of  15  cents  a  ton  for  each 
degree  of  purity  below  78.    No  beets  are  received  contain- 
ing less  than  10  per  cent  sugar  and  of  less  than  73  purity. 

The  Alamitos  and  Chino,  California,  factories  pay  fS.OO 
and  f3.35  a  ton  for  12  per  cent  beets,  with  25  cents  a  ton  in- 
crease for  each  per  cent  above  12.  In  order  to  maintain  a 
high  quality  of  beets  the  seed  is  grown  only  from  pedigreed 
beets  whose  sugar  content  is  determined  by  actual  analysis. 
The  beet  seed  is  mostly  imported  at  present  and  is  supplied 
free  by  the  factory  at  the  rate  of  15  to  20  pounds  to  the  acre. 
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REQUIREMENTS  OF  A  SUGAR  FACTORY. 

The  manufacture  of  beet  sugar  requires  large  capital^ 
expert  control,  and  efficient  management.    The  plant  is  ex- 
^ensive^the  working  season  is  short^only  about  100  days,and 
the  margin  of  profit  is  small  in  proportion  to  the  amount  of 
the  product.  The  cultivation  of  the  sugar  beet  requires  more 
intelligent  farming  than  is  customary  in  the  United  States, 
and  for  the  first  two  or  three  years  after  the  establishment 
of  the  factory  the  education  of  the  farmers  in  the  vicinity 
is  an  important  part  of  the  work.    Small  factories  do  not 
pay  and  the  tendency  in  this  country  is  toward  building 
larger  factories  each  year.    A  factory  capable  of  working 
350  or  400  tons  of  beets  a  day  is  as  small  as  is  profitable 
and  will  cost  about  (300,000  to  (400,000.    To  supply  such  a 
factory  3,000  to  5,000  acres  are  required,  most  of  which 
must  be  within  easy  hauling  distance.    The  beets  can  be 
shipped  by  railroad  a  short  distance  if  cheap  enough  rates 
can  be  secured.    They  should  be  delivered  day  by  day  as 
the  factory  requires  them,  to  avoid  storage,  and  should  not 
be  allowed  to  freeze.    There  must  be  an  abundant  supply  of 
pure  water.    About  2,000,000  gallons  a  day  is  used  by  a  fac- 
tory of  the  size  under  discussion.    From  45  to  60  tons  of 
coal  are  used  every  day  and  several  tons  of  coke  for  burning 
the  limestone.    At  Chino,  California,  where  oil  is  used  for 
fuel,  about  80,000  barrels  are  required  for  the  season.     To 
supply  the  lime  for  purification,  twenty  or  twenty-five  tons 
of  limestone  are  burned  per  day. 

LOCATION  OF  A  FACTORY  IN  WYOMING. 

The  question  is  often  asked  of  the  Station  whether 
a  sugar  factory  would  be  profitable  in  some  particular 
part  of  the  state,  and  these  figures  are  given  so  that 
people  can  calculate  for  themselves  the  probable  success 
of  such  an  enterprise.  It  is  evident  that  a  locality  to 
support  a  factory  must  not  only  have  a  sufficient  amount  of 
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land  suitable  for  growing  good  beets,  but  must  also  have 
railroad  facilities  and  a  supply  of  coal,  lime,  and  water  in 
the  immediate  vicinity.  In  a  state  undeveloped,  and,  we 
may  even  say,  unexplored,  as  Wyoming  is,  it  is  not  possible 
to  say  how  much  of  the  state  will  be  found  suited  to  this 
industry,  but  it  is  not  making  any  invidious  distinctions  to 
point  out  that  there  are  at  least  two  localities  that  meet 
all  the  requirements.  These  are  the  irrigated  land  near 
Wheatland  andDouglas,and  that  in  the  vicinity  of  Sheridan. 
It  should  also  be  mentioned  that  some  of  the  chemicals  used 
in  the  purification  of  sugar  could  also  be  obtained  within  the 
fooands  of  the  state.  Sal  soda,  of  which  some  6,000  pounds 
are  required,  can  be  prepared  at  Green  River  by  simple 
evaporation.  About  30,000  pounds  of  sulphur  are  also 
needed  and  could  be  obtained  from  Uinta  county  with  very 
little  trouble. 

The  duty  of  the  Experiment  Station  is  to  investigate  a 
proposed  branch  of  agriculture  and  report  to  the  people  the 
facts  discovered,  whether  favorable  or  unfavorable.  Experi- 
menting on  sugar  beet  culture  has  been  carried  on  continu- 
onslv  ever  since  the  Station  was  established,  and  four  bul- 
letins  have  been  issued  on  the  subject.  If  some  localities 
are  not  represented  it  is  not  the  fault  of  the  Station,  for 
offers  of  free  beet  seed  for  experimental  purposes  have  been 
made  almost  every  year,  in  the  newspapers  of  the  state. 
This  vear  a  smaller  amount  of  beet  seed  is  on  hand  for  dis- 
tribution  to  those  who  are  willing  to  try  it  and  send  sam- 
ples for  analysis.  Directions  for  the  culture  of  the  sugar 
beet  are  appended  to  this  bulletin.  A  crop  of  sugar  beets  is 
valuable  even  when  there  is  no  factory.  They  are  better 
for  table  use  than  the  red  beet  and  are  raised  on  a  large 
scale  in  many  places  for  cattle  food.  Five  thousand  Wyo- 
ming cattle  were  fattened  in  Nebraska  one  year  on  sugar 
beets  raised  for  that  purpose. 

The  Station  will  be  pleased  to  cooperate  with  any  lo- 
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cality  which  contemplates  establishing  a  sugar  factory^ 
either  by  a  visit  of  some  member  of  the  staff  to  lecture  and 
make  a  detailed  reconnoissance,  or  by  giving  such  informa- 
tion as  may  be  desired  as  to  machinery  and  where  it  can  be 
obtained. 

LITERATL'RE  OF  THE  SUBJECT. 

Those  w^ho  are  interested  will  find  the  following  publi- 
cations useful  and  reliable:  U.  S.  Department  of  Agricul- 
ture, "The  Sugar  Beet,"  Farmer's  Bulletin  No.  52  (free.) 
Most  of  the  Stations  in  the  sugar  beet  belt  have  issued  bulle- 
tins on  the  subject  this  year  which  can  be  had  on  application 
to  the  respective  stations.  Bulletin  No.  40  of  the  Illinois 
Station,  I^rbana,  111.,  and  Bulletin  No.  135  of  the  New  York 
Station,  Geneva,  N.  Y.,  give  a  good  deal  of  general  informa- 
tion. The  periodicals  "The  Sugar  Beet,"  Philadelphia^ 
(monthly),  and  "The  Louisiana  Planter,"  New  Orleans, 
(weekly)  are  of  value  both  for  articles  and  advertisements- 
A  pamphlet,  "American  Beet  Sugar,"  by  W.  H.  Holabird, 
Los  Angeles,  California,  gives  good  pictures  of  the  manu- 
facture. "The  Sugar  Beet,"  by  Ware  (H.  C.  Baird,  Philadel- 
phia), and  "Sugar,"  by  Myrick  (Orange  Judd  Co.,  Chicago), 
are  among  the  best  books  on  the  subject. 


I 


Method  of  Cultivation. 


BY    B.   C.   BUFFUM. 


SOIL: — Take  the  best  soil  on  the  farm.  A  sandy  loam 
is  best,  but  do  not  use  land  so  sandy  that  it  shifts  with  the 
wind  or  dries  out  too  much.  The  soil  should  be  deep  and 
with  good  drainage.  If  it  has  a  dressing  of  stable  manure, 
80  much  the  better,  especially  if  it  was  applied  to  a  crop  last 
year.  If  applied  this  year,  do  not  put  on  too  much.  Land 
plowed  last  fall  is  preferable.  The  earlier  and  deeper  it  is 
plowed  the  better.  It  should  be  plowed  long  enough  before 
seeding  to  allow  it  to  settle.  Before  seeding,  harrow  thor- 
oughly to  make  a  well  pulverized,  mellow  seed-bed,  and  to 
kill  all  young  weeds. 

PLANTING: — The  seed  should  be  planted  in  May; 
from  the  10th  to  the  20th  is  recommended,  if  the  soil  is  in  the 
right  condition  to  work.  If  the  soil  is  very  dry  or  likely  to 
become  so,  it  is  well  to  leave  a  shallow  furrow  between  each 
row  of  seed,  so  that  the  plants  may  be  irrigated  up,  but  this 
should  not  be  resorted  to  unless  absolutely  necessary.  If 
obliged  to  irrigate  to  bring  the  seed  up,  do  not  allow  the  soil 
to  dry  out  and  form  a  crust.  Cultivate  the  surface  as  soon 
as  the  plants  are  up  enough  to  show  the  rows  distinctly. 
Plant  the  seed  in  rows  from  fifteen  to  twenty  inches  apart 
and  from  one  to  three  inches  deep.  A  hand  seed  drill  is 
best.  After  planting,  the  rows  should  be  tramped  upon 
to  firm  the  soil  around  the  seed.  If  planted  by  hand,  drop 
the  seed  in  shallow  furrows,  cover  with  a  hand  plow  or  hoe, 
and  tramp  the  soil,  to  firm  it  around  the  seed. 

CULTIVATION: — This  should  begin  as  early  as  possi- 
ble and  should  occur  often  enough  to  keep  down  all  weeds 
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and  keep  the  ground  mellow.  Beets  require  thorough  cul- 
tivation. After  trimming,  during  June  and  July,  the  culti- 
vation should  reach  a  depth  of  six  inches.  Cultivate  shallow 
as  soon  after  irrigating  as  the  ground  can  be  worked,  and 
cultivate  deep  before  the  next  irrigation.  Care  should  be 
taken  not  to  break  the  leaves  or  to  throw  the  soil  against 
the  plants,  hilling  them  up,  as  they  need  flat  cultivation  to 
give  them  all  the  air  and  sunshine  they  can  get. 

THINNING: — When  the  beets  have  developed  four 
leaves,  they  should  be  thinned.  This  is  best  done  by  first  go- 
ing through  the  rows  with  a  hoe,  cutting  out  from  four  to  six 
inches  of  beets,  and  leaving  bunches  between  that  contain  a 
number  of  plants.  After  bunching  in  this  way,  thin  by  pull- 
ing out  all  but  the  largest  and  healthiest  beet  in  each 
bunch. 

IRRIGATION: — Beets  require  considerable  water  dur- 
ing the  growing  period  in  June,  July,  and  August.  They 
should  not  be  kept  so  wet  that  the  ground  becomes  sour  or 
soggy,  or  contains  so  much  water  that  it  cannot  be  kept  in  a 
good  state  of  tilth  and  well  aerated  by  cultivation.  Nor 
should  the  soil  be  allowed  to  get  so  dry  that  all  the  leaves 
wilt.  Irrigate  in  furrows  made  between  the  rows  in  such 
a  way  that  the  water  will  not  flood  over  or  around  the 
crowns  of  the  beets.  Cultivate  as  soon  after  each  irrigation 
as  the  ground  gets  dry  enough  to  work.  Run  the  cultivator 
shallow  to  break  up  the  surface  crust. 

Do  not  irrigate  until  the  beets  show  unmistakable  signs 
of  needing  moisture,  as  irrigating  too  soon  or  too  often  is 
apt  to  spoil  both  the  shape  and  quality.  When  the  bottom 
leaves  begin  to  wilt  and  the  top  ones  to  turn  a  dark  green, 
they  need  water.  If  the  tops  have  a  light  greenish  yello^w 
appearance,  they  have  been  kept  too  wet.  They  probably 
will  need  from  three  to  five  irrigations.  The  number  of 
times  necessary  will  depend  upon  the  supply  of  moisture. 
They  should  not  be  irrigated  later  than  the  last  of  August, 
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as  the  beets  require  dry,  sunny  weather  during  September, 
to  ripen  and  store  up  a  large  per  cent  of  sugar  in  the  juice. 

HARVESTING :— The  beets  should  be  mature  about 
the  first  of  October.  Ripening  is  indicated  by  the  outer 
leaves  turning  yellow  and  dying.  They  should  be  harvested 
in  October  before  hard  freezing  weather.  If  a  hard  freeze 
occurs,  they  should  not  be  taken  from  the  ground  until 
thawed  out,  as  in  this  way  the  frost  will  leave  the  beets 
gradaally  without  destroying  them.  Loosening  the  soil 
between  the  rows  with  a  narrow  plow  will  enable  the  beets 
to  be  pulled  without  bruising  them.  Cut  off  the  tops 
squarely  with  a  little  of  the  rough  portion  of  the  beets.  The 
best  size  is  from  one  to  three  pounds.  If  they  weigh  over 
four  pounds  they  are  apt  to  be  poor  in  sugar.  Beets  may 
be  stored  in  root  cellars  or  in  pits  in  the  ground,  like  pota- 
toes or  other  root  crops.  They  keep  better  if  covered  with 
soil  which  comes  in  contact  with  the  beets,  as  this  prevents 
wilting.  If  stored  in  pits  for  any  length  of  time,  they  should 
be  covered  with  five  or  six  inches  of  soil,  then  a  layer  of 
straw  of  the  same  thickness,  and  more  soil  over  the  straw  as 
the  weather  gets  very  cold.  Where  placed  in  pits  or  silos,  a 
hole  must  be  left  in  the  top  for  ventilation,  filling  it  with 
straw  or  sacks,  instead  of  with  soil,  as  cold  weather  comes 
on. 

Directions  for  taking  samples  for  analysis  will  be  print- 
ed on  report  blanks  furnished  with  the  seed. 
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THE  STOOLING  OF  GRAINS. 


B.  C.   BUFFUM. 


We  believe  the  growing  of  small  grains  will  always 
constitnte  an  important  part  of  general  farm  practice  under 
irrigation  in  our  state. 

The  average  altitude  for  the  state  is  placed  at  6,000 
feet.  The  climate  is  arid  and  the  consequent  lack  of  moist- 
ure and  clouds  in  our  rarefied  atmosphere  produces  cool 
nights  and  comparatively  short  seasons.  In  any  except  our 
lower  altitudes  these  conditions  make  the  production  of 
com  either  impossible  or  unprofitable.  When  properly 
handled,  wheat,  oats,  and  barley  are  our  most  remunerative 
cereal  crops.  In  addition  to  their  more  common  uses,  these 
grains  will  form  the  basis  of  our  food  rations  for  live  stock. 
It  may  be  expected  therefore  that  the  shortening  of  the 
open  range  along  with  the  development  of  a  more  general 
agriculture  and  the  increase  of  home  feeding  will  tend  to 
make  the  production  of  small  grains  of  greater  rather  than 
of  less  importance. 

The  soils,  altitude,  and  climatic  conditions  differ  great- 
ly in  our  somewhat  widely  separated  agricultural  sections 
and  the  camparative  effects  of  these  variations,  in  the  nat- 
ural order  of  things  upon  our  staple  crops  are  of  importance 
in  determining  the  best  methods  of  culture  to  be  pursued. 
We  believed  our  experience  in  growing  small  grains  indi- 
cated that  heavier  seeding  was  required  at  high  altitudes, 
other  conditions  being  equal,  than  at  low  ones.  Is  it  true 
that  120  pounds  of  seed  per  acre  will  produce  a  heavier  and 
better  crop  of  oats  than  half  that  amount  and  if  so  why  is 
it  true?    The  first  object  then  of  the  experiments  reported 


2o8  Wyoming  Experiment  Station. 

in  the  following  pages  was  to  study  the  effects  of  the  dif- 
ferent conditions  in  our  state  upon  the  life  history  of  the 
plants  themselves  which  would  indicate  in  a  general  way 
differences  in  methods  of  treatment  necessary  to  produce 
maximum  yields. 

In  looking  over  our  station  literature  we  find  but  lit- 
tle data  upon  the  tillering  of  grains  and  the  conditions 
which  change,  one  way  or  another,  this  important  function.* 
A  dozen  years  ago  Prof.  A.  E.  lilount,  then  with  the  Colo- 
rado station  began  advocating  thin  sowing  in  the  west.  He 
«ays  "This  habit  of  stooling  in  wheat,  rye,  barley,  and 
oats  should  in  all  such  plants  be  respected."  He  thought 
a  bushel  of  good  seed  wheat  sown  evenly  over  an  acre  of 
good  soil  in  good  condition  would  be  about  twice  too  thick.f 

Quite  extensive  investigations  of  different  amounts  of 
seed  per  acre  of  wheat,  oats,  and  barley  have  been  reported 
by  several  of  the  Experiment  Stations  in  other  states. 
Thone  in  Indiana,  Illinois,  Ohio,  Kansas,  and  other  humid 
states  indicate  that  heavy  seeding  is  much  better  than  light. 
We  should  bear  in  mind  the  fact  however  that  results  of 
this  kind  obtained  in  humid  states  under  rainfall  and  the 
great  difference  in  soil  conditions  are  not  applicable  to  our 
agricultural  practice  under  the  conditions  prevailing  in 
the  arid  region.  The  work  in  adjoining  arid  states  would 
be  of  more  value  to  us.  In  Nevada  about  70  pounds  of  wheat 
l)er  acre  has  given  the  best  results,  and  in  Colorado  even 
l(»ss  than  this  amount  has  been  advocated.} 

'^Ala.  Sta.  Bui.  2  shows  that  the  number  ofhe.ids  per  stool  produced  by  wheat  increases  with 
depth  of  v^Ianiing.  Kans.  Sta.  Bui.  2U  shows  some  variation  in  number  of  stalks  per  plant  in  dif- 
ferent v.iriejies  of  oats,  and  Bui,  59  gives  rate  of  seeding  of  wheat  and  number  of  sulks  in  20  feet 
of  row  which  show!»  a  large  increase  in  number  of  stalks  as  less  seed  is  used  down  to  one-half 
bushel  per  acre. 

tColo.  Sta.  Bui.  No.  2,  pp.  11-12 

^ I  give  a  list  ot  the  Station  buUetins  reportini;  different  amounts  of  seed  per  acre  which 
have  come  to  my  notice  Wheat  -Ala.  Sta.  Bui.  No.  2:  Ind. Sta.  Bui.  27,  32,  41.  <i«5.  Titt.  51: 
Ohio  Sta.  Bui.  vol.  2.  No  5;  111.  Sta.  Bui.  No.  11;  Ky.  Sta.  Bui.  No.  35.  42;  III.  Sta.  Bui. 
22,  :M.  Kan-4.  Sta.  Bui.  'X\,  50.  71 ;  N.  Dak.  Sta.  Bul.  No.  10;  Nev.  Sta.  Bui.  No.  27  and  An- 
nu.al  Rept..  189.1 ;  Oklahoma  Sta.  Bul.  No.  28  :  Colo.  Sta.  Bui.  No.  2.  Oats— Colo.  Sta.  Bul 
No.  2:  11'..  Sia.  Bul.  No.  7,  19.  2:j.  41 :  Ohio  Sta.  Bul.  vol.  3,  No.  3.  vol.  5,  No.  1.  and 
Bul.  No.  :u:  Kans.  Sta.  Bul.  No.  29.  42.  54,  63;  Ind.  Sta.  Bul.  No.  50.  55:  Minn.  Sta.  Bul. 
2^'o.   40.     Barley.  -N.    Dak.   Sta.    Bul.  No.  11 ;  Colo.  Sta.  Bul.  No.  2,  30,40. 
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STOOLING  EXPERIMENTS. 


GENERAL  OONOLUSIONS. 

1.  The  number  of  mature  heads  produced  by  each 
seed  of  wheat,  oats,  or  barley  varies  greatly  with  the  lo- 
cality, season,  and  distance  apart  seeds  are  planted. 

2.  The  number  of  heads  and  the  amount  of  grain  pro- 
duced by  each  seed  increases  rapidly  with  the  greater 
amount  of  room  accorded  each. 

3.  When  planted  wide  distances  apart  the  straw  is 
shorter  than  when  thickly  planted  but,  on  account  of  the 
greater  number  of  adventitious  stems  produced  and  the 
larger  and  more  numerous  leaves,  there  is  more  straw  in 
proportion  to  the  amount  of  grain  where  there  is  plenty  of 
room. 

4.  Where  given  too  much  room  many  more  stems  are 
produced  than  will  mature  heads.  On  account  of  the  con- 
tinuous growth  from  the  crown  of  the  stool  during  the  sum- 
mer the  grain  is  late  in  maturing,  does  not  fill  well,  and,, 
as  a  whole  produces  light,  inferior  grain. 

5.  Larger  heads  are  produced  upon  grain  planted 
more  than  one  inch  apart  though  all  the  heads  may  not  be 
as  uniform  in  size.  The  number  of  seeds  in  the  largest 
heads  produced  increases  rapidly  with  increased  distances 
between  plants. 

6.  While  more  grain  will  be  produced  by  each  seed 
when  planted  at  greater  distances  than  one  inch  apart  the 
actual  amount  of  grain  will  be  less  for  the  area  of  land  used. 
Therefore  seeding  so  thinly  that  there  will  be  less  than  one 
plant  for  each  inch  of  drill  row  decreases  the  amount  of 
grain  per  acre  rather  than  increases  it.  A  study  of  our 
experiments  seems  to  indicate  that  in  farm  practice  sow- 
ing seed  so  plants  will  be  secured  about  one  inch  apart 
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in  the  drill  will  produce  largest  yields  per  acre  of  wheat 
"Or  barley  but  that  oats  should  probably  be  planted  a  little 
thicker  than  this. 

7.  Wheat  weighing  sixty-one  pounds  per  bushel  had 
about  770  grains  per  ounce.  Should  80  per  cent  of  this 
grow,  seventy-eight  pounds  sown  evenly  on  an  acre  in  drills 
eight  inches  apart  would  secure  an  average  of  one  plant 
in  each  inch  length  of  drill.  Barley  which  weighed  fifty- 
three  pounds  j>er  bushel  contained  700  grains  per  ounce, 
and,  estimating  80  per  cent  germinating  power,  sown  as 
indicated  for  wheat,  it  would  take  eighty-six  pounds  of  seed 
per  acre  to  secure  a  plant  in  each  length  of  drill.  Oats 
weighing  forty  pounds  per  bushel  contained  980  seeds  in 
an  ounce.  If  80  per  cent  of  them  grew  when  sown  as  above 
it  would  take  sixty-one  pounds  per  acre  to  secure  a  plant  in 
each  inch  of  row. 

8.  At  Laramie  in  1897  fifty  and  seventy  pounds  of 
wheat  per  acre  gave  as  large  yields  as  greater  amounts  but 
one  hundred  pounds  per  acre  gave  an  equally  large  yield 
while  the  grain  weighed  more  per  bushel  and  ripened  earlier. 
There  was  little  difference  in  yields  between  barley  plats 
sown  at  the  rate  of  thirty  or  forty  pounds  per  acre  and  those 
sown  heavier  but  the  grain  was  better  and  ripened  earlier 
on  plats  with  heavier  seeding.  Oats  gave  the  heaviest  yield 
when  seeded  at  the  rate  of  sixty  pounds  per  acre.  The 
grains  were  sown  late  and  the  season  was  short.  The  thinly 
seeded  plats  of  wheat  were  frosted  before  the  grain  was 
fully  ripe. 

9.  At  Sheridan  in  1897  the  best  results  were  obtained 
with  wheat  sown  at  the  rate  of  sixty  to  seventy  pounds  per 
acre,  with  barley  sown  at  the  rate  of  from  seventy  to  eighty 
pounds  per  acre,  and  with  oats  sown  at  the  fate  of  from 
eighty  to  one  hundred  pounds. per  acre. 

10    When  grain  is  planted  late  or  where  the  season 
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is  short  from  natural  canses  thicker  seeding  is  required 
than  where  the  season  is  long. 

11.  In  addition  to  the  importance  of  thicker  seeding 
at  high  altitudes  to  shorten  time  of  ripening  our  expt^ri- 
ments  indicate  that  upon  like  soils  and  under  similar  cli- 
matic conditions  wheat,  oats,  and  barley  actually  produce 
less  mature  heads  and  less  grain  with  increase  of  altitude. 

12.  Grain  under  irrigation  produces  more  mature 
heads  per  stool  and  more  grain  than  where  raised  without 
irrigation. 

13.  An  average  of  the  number  of  heads  produced  by 
fifty  seeds  grown  at  different  distances  apart  in  five  local- 
ities of  the  state  show  that  barley  has  the  greatest  tillering 
power,  wheat  second,  and  oats  third. 

14.  A  like  comparison  of  the  yields  of  grain  produced 
from  fifty  seeds  upon  the  same  amount  of  land  shows  that 
barley  produces  the  largest  yield  of  grain,  oats  second,  and 
wheat  third. 

15.  The  amount  of  grain  produced  with  different 
amounts  of  seed  per  acre  varies  in  different  seasons  On 
account  of  increased  tillering,  light  seeding  (from  30  to  50 
pounds  per  acre)  may  produce  as  much  grain  as  would  a 
larger  amount  of  seed  but  when  more  seed  is  sown  the  dif- 
ference in  weight  of  the  grain  per  bushel  along  with  shorter 
period  of  maturity  and  evenness  in  ripening  may  more  than 
pay  for  the  extra  seed  used. 

ILLUSTRATIONS. 

The  plates  here  shown  were  made  from  photographs  of 
the  straw  produced  by  fifty  stools  grown  the  different  dis- 
tances apart  in  1897  at  Laramie.  As  the  oats  in  this  experi- 
ment failed  last  season  we  are  unable  to  compare  them  with 
the  barley  and  wheat.  The  points  given  in  paragraphs  3  and 
4  of  the  conclusions  are  graphically  brought  out  in  these 
pictures.    It  will  be  noticed  that  the  large  bundles  of  straw 
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from  stools  at  greater  distances  apart  look  taller  than  the- 
smaller  bundles,  while  the  grain  in  the  plats  stood  almost 
the  same  height  and  the  average  length  of  the  straw  was 
actually  shorter.  They  look  longer  in  the  pictures  because 
in  the  large  bundles  it  was  impossible  to  keep  the  bottoms 
of  the  straws  on  the  same  level. 

Before  taking  the  photographs  all  the  mature  heads 
had  been  removed.  The  large  increase  in  the  number  of 
immature  heads,  with  increase  of  distance  between  the 
stools  is  apparent,  especially  in  the  wheat.  Very 
few  undeveloped  heads  were  left  in  the  straw  from  stools 
one  inch  apart.  Attention  is  also  called  to  the  compara- 
tive fineness  of  the  straw.  With  a  great  amount  of  room 
large,  coarse  straws  are  produced. 

DETAILED  REPORT  OF  EXPERIMENTS. 

In  1896  experiments  to  determine  the  relative  tillering 
of  wheat,  oats,  and  barley  were  made  at  five  different  places, 
viz:  Laramie,  Lander,  Sheridan,  Sundance,  and  Wheat- 
land. At  the  close  of  the  season,  after  having  studied  the 
data  furnished  from  the  different  places  it  was  decided  to 
continue  the  observations  through  another  season,  chang- 
ing the  plan  of  and  adding  to  the  experiments  some^what 
before  attempting  to  report  results. 

A  brief  outline  of  the  instructions  for  the  guidance 
of  each  superintendent  in  1896,  taken  from  the  detailed 
plans  of  the  season's  work,  is  as  follows: 

*This  experiment  will  take  some  time  and  careful  at- 
tention but  it  is  important  to  carry  it  out  alike  on  each  of 
the  farms. 

"Seed  of  wheat,  oats,  and  barley  have  been  hand  se- 
lected. A  smooth  seed  bed  is  to  be  prepared  with  a  garden 
rake.  It  is  to  be  free  from  lumps  and  mellow  to  a  depth 
of  at  least  three  inches   The  rows  are  to  be  three  feet  apart. 


1 

( 


The  Stooling  of  Qrains.  2 1 3 

All  the  seed  is  to  be  planted  two  inches  deep  and  the  wheat, 
oats,  and  barley  are  to  be  treated  the  same. 

50  seeds  are  to  be  planted  1  inch  apart. 

50  seeds  are  to  be  planted  2  inches  apart. 

50  seeds  are  to  be  planted  4  inches  apart. 

25  seeds  are  to  be  planted  12  inches  apart. 
"Plenty  of  room  is  to  be  given  between  each  planting  so 
that  there  will  be  no  danger  of  getting  them  mixed.  The 
weds  of  each  planted  are  to  be  counted  when  they  come  up. 
The  number  of  heads  in  each  planting  will  be  counted  when 
the  grain  is  in  full  head.  All  are  to  be  treated  alike.  No 
hoeing  or  cultivating  will  be  done  near  the  plants  but  weeds 
growing  there  must  be  pulled.  The  following  are  instruc- 
tions in  regard  to  planting  and  the  same  method  is  to  be 
followed  in  each  case: 

"Take  a  straight  piece  of  2x4  about  six  feet  long.  With 
an  inch  bit  bore  holes  with  their  centers  two  inches  apart 
making  twenty-five  of  them.  In  these  holes  place  pegs  to 
fit,  letting  them  project  two  inches  from  the  2x4  and  taper 
each  leaving  a  blunt  point  one-fourth  to  one-half  inch  across* 

"When  the  seed  bed  is  readv  set  the  instrument  in  the 
row,  press  it  down  until  the  pegs  are  imbedded  in  the  soil 
np  to  the  2x4,  take  it  up  and  drop  one  seed  in  each  hole. 
This  will  leave  the  seeds  two  inches  apart  and  two  inches 
deep  For  the  seed  that  are  to  be  one  inch  apart,  after  the 
seed  has  been  planted  two  inches  apart,  set  the  pegs  be- 
tween the  holes  already  planted  and  make  the  rest  of  the 
holes  which  when  planted  will  leave  the  seeds  one  inch 
apart.  For  the  seeds  to  be  four  inches  apart  drop  one  in 
every  other  hole. 

"Proceed  in  this  manner  till  all  the  seeds  are  planted. 
After  the  seeds  are  dropped  and  the  holes  filled  turn  the 
2x4  on  its  side  over  the  seed  and  step  on  it  to  firm  the  soil 
around  the  seed." 

The  seed  was  carefully  selected  from  varieties  grown 
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at  Laramie  in  1895.  In  short  the  treatment  of  the  plants 
throughout  was  as  nearly  the  same  at  each  place  as  pos- 
sible. 

In  repeating  the  experiment  in  1897  instead  of  fifty 
seeds  of  each  of  these  grains  one  hundred  seeds  were 
planted.  At  the  time  the  grain  was  far  enough  advanced 
to  count  up  mature  heads  fifty  stools  were  selected  from  the 
row,  taking  those  where  the  fewest  seeds  failed  to  grow. 
This  giyes  a  record  of  the  heads  and  grain  produced  from 
fifty  seeds  instead  of  a  less  number  and  eliminates  a  part 
of  the  error  arising  from  greater  distances  allowed  where 
the  seeds  did  not  come  up.  In  addition  to  the  stooling  test 
in  rows,  small  plats  were  planted  with  different  amounts  of 
seed  per  acre  in  order  to  give  more  light  upon  what  to  ex- 
pect in  actual  field  practice. 

As  investigations  upon  the  Sundance  and  Wheatland 
farms  were  not  continued  in  1897  the  experiments  were 
only  carried  out  at  Laramie,  Lander  and  ShVridan. 

The  seed  for  this  experiment  was  selected  and  different 
amounts  weighed  out  for  each  series  of  plats.  The  oats 
were  treated  for  smut  in  the  copper  sulphate  solution.  They 
were  left  in  too  long  and  consequently  failed  to  germinate 
when  planted.  At  Sheridan  the  plats  were  replanted  and 
excellent  results  finally  obtained.  It  was  so  late  before 
they  could  be  replanted  at  Laramie  that  they  did  not  ripen. 
However  we  are  able  to  report  an  experiment  with  differ- 
ent amounts  of  oats  per  acre  at  this  place,  though  as  com- 
plete notes  were  not  taken  as  in  the  special  experiments 
with  wheat  and  barley.  This  part  of  the  experiment  was  to 
be  conducted  alike  at  the  places  mentioned.  The  general 
plan  was  to  lay  out  small  plats,  13x14  feet  in  size,  planted 
in  drills  eight  inches  apart  running  diagonally  across  the 
plat.  The  plats  were  placed  two  feet  apart  each  way.  When 
about  ready  to  harvest  the  edges  of  the  plats  were  cut  away 
in  such  a  manner  as  to  cross  the  drills  diagonally  leaving 
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the  grain  Btanding  in  a  space  ten  feet,  eleven  inches  by  ten 
feet  which  would  amount  to  1-400  of  an  acre.  This  grain 
from  around  the  edges  was  cast  out  as  it  would  probably 
be  better  developed  on  account  of  the  nearness  of  the  un- 
used paths.  The  rest  of  the  plants  in  the  plat  would  be  more 
nearly  like  those  in  a  field.  A  lath  frame  made  two  feet 
square  was  then  placed  over  the  grain  in  an  average  part 
of  the  plat  and  all  the  heads  standing  within  carefully 
counted.  Full  notes  were  to  be  kept  including  records  of 
the  total  amount  of  straw  and  grain  produced  in  each  plat. 
On  account  of  the  serious  illness  of  Mr.  Meyer  notes  on  this 
part  of  the  experiment  at  Lander  have  not  been  received. 

LABAMIE. 

Table  1  gives  the  results  of  the  stooling  test  for  1896. 
Only  twenty-five  seeds  were  planted  at  one  foot  distances, 
but  in  order  to  compare  with  other  distances  in  the  table 
all  computations  were  made  for  fifty  seeds.  This  has  been 
done  in  all  the  experiments  carried  out  in  1896.    The  column 

Table  I. — Laramie,  i8g6. 

50  Seeds  Planied. 


GRAIN. 


Distance 
Apart. 
Inches. 


Chili  Wheat. 


1 


4. 

12* 


3.8 
4.0 
AM 
4..') 


3.6 
3.T 
3.4 
3.7 


47 
44 
44 


2fi2 

:«K) 

707 

1516 


218 

3:w 
42:^ 

936 


18 

12 

9 

40 


7.0 

9.6 

21.3 


18.5 

11.5 

31.0 

21.0 

38.0 

2:1.0 

134.0 

51.0 

0.30 
0.45 
0.52 
1.16 


White 

Wonder 

Oai>. 


1. 

•) 

4  . 
12* 


4.5 

4.0 

44t 

4.2 

3.9 

3W 

4.3  '  4.0 

46 

4.3 

4.0 

42 

11»5 

278 
47:1 
816 


177 

21 

203 

47 

4.31 

251 

716 

52 

4.0t, 
5.3 
9.4 
17.0  . 


:i2.o  11.0 

32.0  13.0 

56.5  27.5 

176.0  54.0 


0.25 
0.34 
0.6() 
1.29 


Manshury 
Barley. 


1. 
2. 
4. 
12* 


3.3  3.0 

3.4  3.1 
3.4  3.1 
3.3  2.9 


43t 
40t 
41 
44 


29:i 

422 

»».H2 

277 
412 

6;is 

1292 

6.4t 
10.3t, 
15.6  i 

29.4 

1 

19.5 

13.5 

0.31t 

:tt.5 

26.5 

0.65t 

55  0 

41.0 

l.(K) 

1(50.0 

?2.0 

1.64 

*25  »eeds  planted  this  distance  apart.     Computed  as  50  seeds  for  comparison. 
f  Number  of  stools  not  counted  at  time  of  harvest. 
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giving  the  number  of  stools  shows  the  number  of  seeds 
planted  which  reached  maturity  in  each  case.  In  the  grains 
planted  one  and  two  inches  apart  it  was  difficult  to  deter- 
mine accurately  the  number  of  stools  at  the  time  of  har- 
vest. The  number  of  seeds  which  germinated  and  came  up 
minus  those  which  were  known  to  have  died  or  were  eaten 
ofiP  gives  the  correct  number  of  stools  harvested.  In  several 
instances  where  it  was  impossible  to  count  the  ripe  stools 
this  note  has  been  inserted  in  the  tables. 

We  realize  that  using  so  small  a  number  of  seeds  and 
such  small  plats  is  open  to  criticism  in  experimental  work. 
However  it  is  easier  to  control  conditions  on  small  plats 
and  we  think  the  remarkably  uniform  results  obtained  in 
these  trials  show  that  when  carefully  conducted,  such  ex- 
periments may  result  in  data  of  much  value,  allowing  con- 
clusions to  be  drawn  which  could  hardly  be  reached  in  any 
other  way. 

Table  II  gives  data  obtained  in  1897.  One  hundred 
seeds  were  planted  in  each  test  and  at  the  end  of  the  season 
fifty  stools  were  selected  in  that  part  of  the  row  where  few- 
est of  the  seeds  failed  to  grow,  and  as  all  the  data  given 

Table  II. — Laramu,  ^Sgy, 

100  seeds  planted.    30  stools  selected  for  record. 


GRAIN. 


Chili 
Wheat. 


Distance 
Apart,  Inches. 

Height  of 
Grain,  ft. 

No.  Stems 

Formed  in  50 

Stools. 

Length  of 
Heads,  ft. 

No.    Mature 
Heads. 

1 

1 

all  was 

23:j  '  o.;« 

154 

0 

:j.3ft. 

.v>i    o..r 

273 

4 

to 

046    o.:ri 

mt  1 

12 

3.4  ft. 

1453 

0.40 

4»<($  1 

1 

=   «:   2 


3.08 
5.4tt 
.■).H4 
9.?i 


H 


20..-> 

:«.5 

41. -> 


og     o      o 

WiC     .S*u  O 


7.5 
15.5 
13.0 
IN.  5 


0.15 
0.31 

0.26 
0.37 


.Wheat  Badly  frost- 
'     ed.— Ripe    Sept. 


1 

2.75 

24:i 

Manshury 

•7 

3.2 

601 

Barley. 

4 

2.0 

720 

12 

2.9 

ir>s:i 

0.:^ 
o.:<5 
o.:j5 

0.40 


224 

4.48 

14* 

12.0 

0.24 

240 

4. SO 

30.5 

37.5 

0.75 

543 

10. H6 

40.0 

41.0 

0.K2 

523 

10.46 

71.5 

m.:y 

0.73 

Ripe  Sept.  3. 


•Kstimated.     Chaff  from  heads  was  not  weighed. 
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in  the  different  columns  was  obtained  from  the  same  num- 
ber of  stools  they  may  be  compared  with  more  confidence. 
The  results  at  hand  which  can  be  averaged  for  the  two 
Tears  are  somewhat  meager.  Studies  of  the  average  num- 
ber of  heads  x>er  stool  and  the  amount  of  grain  per  stool 
obtained  in  1896  and  1897  show  that  the  general  result 
would  not  be  changed.  The  only  effect  of  averaging  the 
two  years  work  seems  to  be  to  smooth  out  the  irregular- 
ities and  with  the  material  at  hand  we  do  not  consider  tables 
«howing  such  averages  of  importance.  These  averages  are 
indicated  in  the  charts  following  the  tables. 

The  grain  was  planted  May  8th.  The  barley  and  wheat 
were  both  up  May  20th.  The  oats  failed  to  come  up  as  the 
vitality  of  the  seed  was  injured  by  treating  for  smut  in  too 
strong  solution  of  copper  sulphate.  They  were  replanted 
on  June  11th  but  it  was  so  late  that  they  did  not  mature. 
The  wheat  and  barley  were  irrigated  July  3rd  and  July  29th. 
Barley  began  to  ripen  September  3rd.  Killing  frost  Septem- 
ber 17th  injured  the  wheat,  more  especially  that  which  was 
planted  so  far  apart  that  it  was  late  in  ripening.  All  the 
wheat  fell  below  fifty-six  pounds  per  bushel. 

Tables  III  and  IV  report  the  special  tests  with  differ- 
erent  amounts  of  wheat  and  barley  per  acre.    The  barley 

Table  III.  —  C/ti/i  Wheat,  Different  Amounts  of  Seed  Per  Acre, 

Laramie,  i8gy. 


SEED 
PER  ACRE, 
LBS. 


133. 

m. 
m. 

¥«. 


Vm 

<*.<ii 

o« 

0    ^ 

•A  c 

■S-p 
"2 

•t:  « 

c  Ji 

«J  2 

SO 

:i^ 

4.4 

0.30 

4.1 

0.33 

4.0 

0.27 

3.7 

0.27 

4.U 

0.2tt 

4.0 

0.27 

4.0 

0.27 

4.2 

030 

4.6 

0.30 

4.3 

0.30 

41 

3  — •     •         00 

41    - 


164 
102 
105 

99 
100 
102 
110 
103 
112 

96 


^2 


240 
232 
IHO 
232 
256 
236 
244 
236 
258 
192 


^S 

J 

JS 

raw, 
ere. 

rain 
:re, 

5  2 

Cn< 

o< 

^0 

u 

i 

64 

6000 

1600 

64 

5800 

1600 

68 

4500 

1700 

64 

5800 

1600 

(U 

6480 

1600 

W 

5900 

1700 

52 

6100 

1300 

68 

51K)0 

1700 

54 

0437 

1200 

48 

4800 

1200 

■'PC 


55.5 
54.5 
54.5 
55.5 
54  5 
53.5 
54.5 

52.0 
52  5 


I 
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was  not  cut  as  soon  as  ripe  and  heavy  winds  caused  the 
plats  which  were  the  ripest  to  shatter  out  badly.  Careful 
estimates  of  the  per  cent  of  the  grain  which  was  lost  by 
shattering  are  given  in  the  last  column  of  the  table. 

Table   IV. — Manshury  Barley,  Diferent  Amounts  of  Seed  Per  Acre^ 

Laramie,  i8gj. 


Ok 


120. 

110. 

100 
00 
HO 
70 
60 
fiO 
40 

;jo 


xc 


3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.fl 
3.6 
3.7 
3.9 


I.S, 

O  0 

Weight  of 
Grain,  oz. 

P 

Length 
Heads, 

oX"* 
148 

Weight 
Straw, 

Straw, 
Per  Aci 
lbs. 

U.3 

152 

64 

3800 

0.3 

H7 

122 

54 

3050 

0.3 

91 

12H 

48 

3200 

0.3 

126 

144 

48 

3000 

0.3 

7S 

125 

51 

3125 

0.3 

Kl 

111 

49 

2775 

0.3 

76 

vir 

49 

3175 

0.3 

65 

105 

4;i 

2625 

0.3 

HI 

149 

59 

3725 

0.3+ 

106 

Kfi 

60 

3300 

,t 

Grain 

Per  Ac 

lbs. 

Weig 

Perb 

lbs. 

1600 

49.0 

1350 

47.0 

1200 

47.5 

1200 

46.5 

1275 

46.5 

1225 

46.5 

1225 

47.0 

1078 

46.5 

1487 

48.0 

1500 

45.5 

Remarks. 


•L5per 
15  per 
12  per 
12  po- 
lo per 
8  per 
S  per 
3  per 
2  per 
1  per 


cent  shattered 
cent  shattered' 
cent  shattcrdi 
cent  shattered 
cent  shattered 
cent  shattered 
cent  shattered' 
cent  shattered 
cent  shattered 
cent  shattered 


•Per  cents  estimated. 

Table  V  reports  a  field  test  upon  different  amounts  of 
oats  per  acre.  Each  plat  contained  one-twentieth  of  an 
acre.  The  grain  was  sown  with  a  press  drill.  By  mistake 
the  seventy  pound  plat  and  the  eighty  pound  plat  were  har- 
vested together.  The  table  gives  the  average  amount  of 
straw,  and  grain  for  each  of  these  plats. 

Table  V. — Lincoln  Oils,    Different  Amounts  of  Seed    Per  Acre, 

Laramie,  iSqj. 

One-twentieth  acre  plat  used  in  each  case,  and  grain  planted  with  press  drill.       In  this  re- 
spect  being  diflferent  from  the  barley  and  wheat. 


SEED  PER  ACRE,  LBS. 


120.  ..  . 
110.  .  .  . 
100     .    .  .  . 

7(1  and  80* 
fiO  .    .   .    . 
50  .... 
4(it  .    .    .    . 


Yield 

Yield 

Per 

Per  Acre, 

Acre. 

Straw, 

Grain. 

lbs. 

lbs. 

ITTX.C 

laas^ 

1704.4 
1190.2 

lo80.: 
1(&5.( 

1321.1 

1036.1 

1304.1 

929.1 

1567.1 

11761 

1676.8 

los:. 

20.37.  »> 

1255. 

♦The  two  plats  planted  at  the  rate  of  70  and   hO  pounds    per  acre  respectively    were  har< 
vested  together.     The  average  yield  is  given. 

fOn  outside  near  alfalfa. 
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The  comparatively  large  yield  from  the  plat  sown  at 
the  rate  of  forty  pounds  per  acre  is  due  to  the  fact  that  it 
was  next  to  a  plat  of  alfalfa.  The  effect  of  alfalfa  on  the  oats 
was  quite  noticeable  and  we  do  not  think  a  comparison 
should  be  made  between  this  and  other  plats.  After  cutting 
out  this  plat  the  results  show  the  best  yields  from  sixty 
ponnds  to  the  acre. 

LANDER. 

Table  VI  reports  the  results  in  1896.  Superintendent 
Meyer  carried  out  the  work  in  a  most  careful  manner  and 
furnished  a  most  excellent  report. 


Table  VI. — Lander,  i8g6, 

IK)  seeds  planted. 


GRAIN. 

Distance 
Apart, 
Inches. 

No. 
Stools. 

No.   . 
Mature 
Heads. 

No. 

Smutted 

Heads. 

No. 
Heads 

Per 
Stool. 

Average 

No. 
Grains 
in  Six 

Selected 
Heads. 

Amount 

of  Grain. 

oz. 

Grain, 
Per 

Stool, 
oz. 

Chili 
Wheat 

1 

2 

4 

12, 

37 
41 
44 
36 

931 
680 

1 
17 
28 

9.75 
16.37 
21.75 
19.16 

67 

86 

88 

113 

20.0 
41.0 
70.0 
60.0 

0.54 
1.00 
1.59 
1.67 

White 

Wonder 

Oats. 


1 
2 
4 

12* 


44 

45 
45 
32 


295 
345 

584 
628 


22 

7.20 

99 

25.0 

0.57 

4^ 

9.00 

97 

20.0 

0.44 

3:1 

13.71 

118 

100.0 

♦>  90 

92 

22.50 

141 

94.0 

2.94 

Manshury 

Barley. 


1 

4 

12* 


45 
43 
46 
40 


550 

774 

1616 

1466 


12.22 
18.00 
35.13 
36.62 


56 
66 
76 
73 


31.0 

53.5 

111.0 

144.0 


o.ej* 

1.24 
2.41 
3.60 


*25  seeds  planted.    Computed  as  fifty  seeds  for  comparison. 

The  grains  were  planted  May  13th  and  all  were  irri- 
gated July  10th  and  August  13th.  The  wheat  came  up  May 
24th  and  25th  and  was  harvested  September  18th.  The  larg- 
est number  of  heads  in  a  stool  of  wheat  was,  1  inch  apart  18, 
2  inches  apart  45,  4  inches  apart  43  and  12  inches  apart  60. 
The  White  Wonder  oats  came  up  May  25th  and  were  ripe 
September  7th.     The  largest  number  of  heads  in  a  stool 
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was,  1  inch  apart  13,  2  inches  apart  15,  4  inches  apart  26, 
12  inches  apart  43.  The  Manshury  barley  came  up  May 
25th  to  29th  and  was  ripe  September  4th.  The  stools  grow- 
ing one  inch  apart  were  so  close  that  the  heads  from  each 
separate  stool  could  not  be  counted.  The  largest  number 
from  a  single  stool  planted  2  inches  apart  was  47,  4  inches 
apart  97  and  12  inches  apart  74. 

Table  VII  reports  the  results  in  1897.  It  will  be  no- 
ticed that  only  about  half  the  number  of  heads  were  pro- 
duced per  stool  and  half  as  much  grain  as  was  obtained  the 
previous  season.  The  wheat  was  planted  May  12th  and 
came  up  May  22nd,  irrigated  July  Ist  and  29th  and  ripe  Aug- 
ust 30th.  The  greatest  number  of  stalks  per  stool  was,  1 
inch  apart  16,  2  inches  apart  40,  4  inches  apart  32  and  12 
inches  apart  56.  The  barley  was  planted  May  12th,  came 
up  May  19th,  was  irrigated  July  1  st  and  29th  and  was  ripe 
August  15th.  The  largest  number  of  heads  to  a  stool  was, 
1  inch  apart  17,  2  inches  apart  27,  4  inches  apart  38,  and  12 
inches  apart  55. 

Table  VII. — Lander,  i8gy, 

100  seeds  planted.    50  stools  selected  for  record. 


GRAIN. 

Distance 
'"'       Apart.   Inches. 

Height  of 
Grain,  ft. 

w 

S 

i 

Length  of 

Longest  Heads 

Inches. 

No.  Mature 
Heads. 

No.  Heads 
Per  Stool. 

Weight  of 
Straw,  or.. 

Weight  ot 
Grain,  oz. 

.2*  5  7. 

3.0 

4.0 

241 

4.8 

17 

12.5 

0.25 

Chili  Wheat 

2 

».3 

481 

4.5 

400 

8.0 

32 

19.5 

0.39 

4 

3.3 

6d6 

4.7 

6;«) 

12.6 

Ki 

:c.7 

0.65 

12 

3.2 

1240 

6.0 

1032 

30.8 

136 

53.0 

1.6i> 

Manshury   Barley. 


I 

2.3 

327 

4.2 

297 

5.9 

18.5 

17.0 

2 

3.0 

&I6 

4.5 

548 

10.9 

73.0 

38.0 

4 

2.5 

765 

4.2 

555 

11.1 

81.5 

42  5 

12 

2.U 

1743 

5.0 

i:^i 

26.8 

244.0 

123.0 

O.'M 
0.76 
0.R5 
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SHERIDAN. 

The  farming  land  around  Sheridan  produces  large 
jields  of  wheat  and  is  especially  noted  for  the  large  yields 
of  oats  which  have  been  obtained  there.  However,  the  stool- 
ing  test  in  1896  reported  in  Table  VIII  gave  no  startling 
resalts.  It  seemed  to  be  an  ^^off  season"  and  a  shortage  of 
water  for  irrigation  caused  complaint.  The  superintendent, 
Mr.  J.  F.  Lewis,  kept  excellent  records  and  furnished  good 
reports  of  the  tests  for  both  seasons.  It  should  be  stated 
that  the  distance  between  the  rows  was  twenty-eight  inches 
instead  of  three  feet  as  at  other  places.  With  so  much  dis- 
tance between  the  rows  it  is  doubtful  if  this  difference  would 
modify  the  results  in  any  material  way.  The  wheat  was 
planted  April  25th,  came  up  May  8th,  irrigated  June  12th, 
July  6th  and  30th  and  was  ripe  August  1 1th.  The  notes  state 
that  some  of  the  heads  were  blighted  but  the  cause  was  not 
apparent.  The  grain  planted  twelve  inches  apart  did  not 
ripen  evenly.     The  barley  was  planted,  came  up  and  was 

Table  V III. —SAen'dan,  i8g6. 

50  seeds  planted. 


GRAIN. 

itance 
Inches. 

ft 

1 

t52 

Mature 

eads. 

Heads 
uttcd. 

Heads 

Siool. 

i   ^   s 

is  wi 

< 
1 

o 

d 

6X 
2 

1-^ 

■  u 
0  V 

25 

37 

184 

i.m 

9.5 

0.26 

2 

2.7 

46 

316 



6.H7 

16.5 

0.26 

L'. .:  WTxcat. 

4 

3.0 

46 

MYl 



8.74 

19  5 

0.42 

12* 

2.3 

40 

',G4 

8.10 

22.0 

0..T5 

'4"W  Wonder  Oats. 

1 

2 

4 

12» 

2.8 

46 
47 

50 
46 

224 

1H2 

287 
374 

32 
?2 
47 

108 

4.87 
3.87 
5.74 
8.13 

24.0 
20.5 

:*j.o 

0.52 
0.44 
0.72 
0.78 

llans^cry   Barley* 

1 

2 

4 

12» 

2.4 

2.5 

48 
44 
49 
44 

247 
342 

50S 
7:jo 



5.14 

7.77 

10.37 

16.59 

24.0    1    0.50 
2o.O         0.»i4 
48.0         O.SW 
WO         l.M 

1 

»f\ 


T)  seeds  planted.     Computed  as  50  seeds. 
-(34) 
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irrigated  on  the  same  dates  as  the  wheat.  It  was  ripe 
August  1st.  The  notes  state  that  the  barley  planted  twelve 
inches  apart  did  not  ripen  as  evenly  as  that  planted  thicker. 
The  oats  were  planted  April  8th,  came  up  May  10th  and 
were  irrigated  on  the  same  dates  as  the  wheat.  They  were 
ripe  August  10th.  The  seeds  planted  twelve  inches  apart 
produced  shorter  straw  and  less  grain  and  ripened  several 
days  later  than  that  planted  thicker. 

Table  IX  giving  data  for  1897  shows  much  better  de- 
velopment and  yields  than  were  obtained  in  1896.  Plant- 
ing was  done  May  5th.  They  were  irrigated  May  28th,  June 
15th,  June  26th,  July  7th,  and  July  30th.  The  wheat  came 
up  May  8th.  That  planted  one  inch  apart  was  ripe  August 
20th,  and  that  planted  twelve  inches  apart  was  ripe  August 
28th  with  the  exception  of  late  stems  around  the  outside  of 
the  stools.  Straw  was  badly  affected  with  rust,  especially 
that  which  was  thinly  planted. 

Table  IX. — Sheridan,  i8gy. 

100  seeds  planted.    50  stools  selected  for  record. 


GRAIN. 


Chili  Wheat 


o 


o 


—      i>     ** 


=5        ^ 


70 
104 
1(« 
152 


4S 

m 

82 


Lincoln  Oats  (replanted), 


Manshury  Barley 


1 

3.2 

372 

0.S3 

325 

1 
8.5 

56 

a..') 

4:{0 

0.H.3 

m) 

7.6 

79 

4 

H.:i 

4S4 

0.87 

447 

8.9  ' 

85 

12 
1 

2.5 

io:« 

•  -  ■ 

734 

480 

14.7 

120 

3,2 

'm 

0.25 

9.6 

56  1 

o 

3.3 

702 

0.27 

GKi 

13.6 

72  ' 

4 

2.3 

\m 

0.21 

801 

16.0 

S8 

12 

2.3 

1295 

0.21 

900 

18.0 

121  1 

:« 

46 
71 
52 


0.96 
1  20 

1  64 


0.70 
0.S2 
1.42 
1.04 


44 

87 


0 
1 
I 
1 


sg 

44 

70 
74 


The  oats  planted  the  first  time  did  not  grow  and  on  May 
25th   the}^   were   replanted,   the   variety   used    being   Lin- 
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coin.  Those  planted  one  inch  apart  were  ripe  August  20th 
and  those  planted  twelve  inches  apart  August  26tli.  The 
stools  twelve  inches  apart  rusted  badly,  causing  light  grain. 
The  barley  came  up  May  15th  and  was  ripe  August  4th,  the 
straw  being  affected  with  rust.  The  superintendent  writes 
"Rust  seems  to  attack  thin  grain  more  than  thick.  Hereto* 
fore  my  observation  has  been  the  opposite.  Thick  grain  gives 
more  shade,  allows  less  sunshine  to  enter  and  should  be  more 
liable  to  rust."  I  could  not  explain  this  unless  as  seems 
most  probable  it  was  due  to  the  fact  that  the  grain  planted 
wide  distances  apart  produced  large  succulent  stems  and 
a  large  growth  of  leaves  near  the  ground,  which  remained 
green  all  summer,  conditions  which  favor  the  growth  of 
rust.  I  have  noticed  that  winter  grain  planted  in  the  spring 
would  become  badly  rusted  during  the  summer  in  the  heavy 
green  stools,  while  spring  grain  which  had  few  leaves  near 
the  base  of  the  stems  would  be  almost  or  quite  free  from 
the  disease.  I  may  note  here  also  that  the  number  of 
smutted  heads  was  greater  upon  the  stools  growing  far- 
ther apart.  This  may  be  due  to  the  fact  that  more  heads 
are  produced  where  more  room  is  given  and  that  the  source 
of  infection  is  with  the  seed  from  which  the  stool  grows. 

Tables  X,  XI  and  XII  give  the  results  of  the  special 
test  of  different  amounts  of  seed  per  acre  of  wheat,  barley 
and  oats  respectively.  Each  grain  was  treated  the  same 
except  that  the  oats  had  to  be  replanted.  The  plats  were 
placed  upon  old  orchard  ground  which  had  been  manured 
by  mulch  placed  around  the  trees  in  winter.  The  trees  had 
died  and  been  removed.  Mr.  Lewis  says  it  was  a  wonder 
to  the  visitors  how  he  could  raise  such  grain  as  the  thirty 
pound  plats  produced.  He  says  that  the  farmer  who  has 
not  tried  it  does  not  realize  what  can  be  done  upon  our 
soils  with  manure  and  cultivation. 

The  wheat  was  planted  May  4th,  up  May  8th,  irrigated 
May  23rd,  June  14th,  26th,  July  7th  and  30th.    The  grain 
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was  ripe  August  20th.  The  plat  planted  with  90  pounds 
of  seed  per  acre  was  damaged  by  a  ditch  breaking  and  water 
soaking  the  ground.  The  barley  plats  were  planted  May 
4th,  came  up  May  12th,  were  irrigated  May  23rd,  June  15th, 
26th,  July  7th  and  30th.  The  grain  was  ripe  August  5th. 
Upon  the  thirty  pound  plat  the  heads  seemed  to  ripen  be- 
fore the  straw.  The  straw  appeared  green  several  days 
after  the  heads  were  fully  ripe.  The  thickly  sown  plats 
were  very  ripe  when  cut,  while  those  sown  somewhat  thinly 
were  not  fully  ripe.  The  oat  plats  were  resown  on  May  20th 
with  Giant  Side  oats.  They  were  irrigated  and  otherwise 
treated  as  the  wheat  and  barley  plats.  The  grain  was  ripe 
August  24th. 

Table  X. — C^i/i  Wheat.      Difftirent  Amounts  of  Seed  Per  Acre. 

Shendan,  i8gy. 


SEED  PER  ACRE, 
Pounds. 


c 
'5 


s 


I2n. 

110. 

KX). 

00. 

70. 
«(). 
50. 
40. 


3.5 
3.(5 
3.(i 
3.(5 
3.5 
3.6 
3.6 
3.6 
3.6 
3.7 


B 


0.27 
0  25 
0.26 
0.27 
0.27 
0.27 
0.27 
0.3:i 
0.37 
0.40 


rt — 


I 


O 

o  rt 


dSS"  5 


o 


i:h 

128 
113 
10ft 
105 

103 
99 

%\ 

88 


182 

152 

188 

160  ' 

180 

212 

184 

V^\ 

192 

132 


"S 


120 
132 

i:« 

120 

i;i2 

144 
146 
140 
1% 
131 


u 
(J 

rt 


V 

a. 


I  "■ 

.5  «i 

f*-^ 

S-^ 

u  — 

tA 

O 

P^K) 

aooo 

3800 

:»io 

4700 

;i225 

4000 

aiioo 

4500 

:!:*» 

5300 

3tsn(» 

4600 

:*i.>i» 

4900 

351 JO 

4800 

:«<M) 

5800 

:i2T5 

Table  XI. — Munshury  Barley.     Differejit  Amounts  of  Seed  Per  Acre. 

Sheridan,  iSgy. 


SEED  PER  ACRE. 
Pounds. 


120. 
110. 
100. 

90. 

M). 

70. 

»i0. 

50. 

40. 

:to. 


3.2  ; 

3.3 

3.3 

3  5 

3.3 

3.3 


3.4 

3.4 
3.2 


3.3 


0.25 
0.27 
0.27 
0.25 
0.25 
0.25 
0.27 
0.20 
0.27 
0.27 


1,38  '  123 
134  ;  114 

i:fl)   140 


12H 

140 

124 

140 

121 

160 

120 

126 

105 

\U 

103 

123 

102 

1(K> 

121)  :075 
i:i4  2850 
156  .3500 
156  3500 
156  I  3500 
161  I  4000 
146  3130 
140  4100 
\U  3075 
116  I  2500 


.3225 

:i35() 
:)9oo 

:»<io 

4025 
3650 

:i500 

325(» 

2900 
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Table  Xl\,—Giani  Sid^    Oats  {Replanted),     Different  Amounts  of 

Seed  Per  Acre,     Sheridan,  iSgy. 


no 

Hi. 
Tfi. 
fiO. 


SEED  PER  ACRE. 
Pounds. 


4(ioO 

5.VM) 
5975 
3637 

5?25 

48(HI 
3750 


3Kt(> 

:«5a 
:Mi5a 

3275 

:it)25 
:«25 

3400 
3125 

2ieo 


SUNDANCE. 

The  stooling  experiment  was  only  conducted  one  year 
at  Sundance  the  results  of  which  are  given  in  Table  XIII. 
The  superintendent  having  this  work  in  charge  was  Mr. 
A.  E.  Hoyt.  This  is  the  most  humid  section  of  the  state  and 
the  only  farming  district  in  which  crops  are  raised  without 

Table  XIII. — Sundance,  iSg6, 

50  seeds  planted. 


GRAIN. 


Chili  Wheat 


'A 

lA 

1/1 

^ 

i/ 

8 

-0 

"O 

H-= 

<« 

fS 

U 

m4 

*7 

^T3 

2 

-  % 

<-  ^ 

V>.    w 

0  E 

0  E 

C   3 

£r. 

•  0 

X  0 

.  E 

a 

ovS 

ov2 

0  'Ji 

< 

Z< 

r. 

Z 

1 

45 

222 

0 

0 

47 

:i->4 

4 

40 

«20 

13 

12* 

:« 

87« 

50 

3  O  ^ 


o 


.5        ..   c     » 


z 


o.E 

M;j;      Mi:  o 

•— .  >.  ^^ 

.1'  w  ^. 


as: 

^3 


,  5:0 

7.5 

15.5 

23.0 


12 
IS 
32 
5<) 


.27 


1.47 


•25  seeds  planted  this  distance  apart.     Computed  as  50  seeds  for  comparison. 
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irrigation.  All  the  seeds  were  planted  April  28th  upon 
ground  which  had  not  been  fertilized.  The  wheat  came 
up  May  7th  and  was  ripe  about  August  12th.  The  barley 
came  up  May  7th  and  was  ripe  about  August  6th.  The  oats 
came  up  the  same  date  and  were  ripe  August  10th.  The 
plants  from  seeds  planted  greater  distances  apart  were 
harvested  later  in  each  case  than  those  planted  close  to- 
gether. 

WHEATLAND. 

The  work  upon  the  Wheatland  farm  was  carried  out 
only  one  season.  The  superintendent,  Mr.  M.  R.  Johnston, 
took  much  interest  in  the  stooling  experiment.  We  report 
the  results  obtained  in  Table  XIV.  The  wheat  was  planted 
May  7th  when  the  ground  was  very  dry.  It  was  irrigated 
Hay  29th,  June  9th,  29th  and  July  loth.  It  was  harvested 
August  1st.  Comparatively  few  stems  formed  in  the  wheat 
-which  did  not  mature  heads.  The  barley  was  planted  April 
7th,  irrigated  May  29th,  June  7th,  29th,  and  July  25th.  It 
was  harvested  August  7th. 

Table  XIV.  —  IVkeat/and,  i8g6, 

"  50  seeds  planted. 


GRAIN. 


Chili  Wheal. 


White  Wonder  Oats. 


Manshury  Barley 


■i. 

lA 

1 

Si 

T3 

t     1 

1 

1 

Distance 
p.irt.  Inch*. 

lo.  of  Stool 
Formed. 

o.  of  Stems 
Formed. 

o.  of  Matu 
Heads. 

0.   of  Hea 
Smutted. 

0.  of  Matu 
Heads  per 
Stool. 

eight  of 
Straw,  oz. 

eight  of 
Grain,  oz. 

< 

r* 

:« 

Z 

25() 

li^ 

7, 

IK 

^ 

1 

253 

0 

7.6 

17 

2 

45 

m's 

44tt 

0 

9.9 

19 

32 

4 

4;) 

755 

750 

0 

17.4 

32 

40 

12» 

40 

KKM) 

lOlU 

0 

21.9 

84 

80 

1 



3H 



ms 

5<i       6.8 

• 

25 

20 

O 

4o 

472 

45(1 

S8     10.1 

34 

24 

4 

4H 

ms 

520 

10«  '  10. s 

35 

49 

12* 

44 

ii:i4 

1004 

60     22.8 

94 

lOO 

1 

22 

ai'i 

230 

1 
0     10.4 

13 

16 

2 

:io 

tt4H 

5s;i 

0 

16.2 

31 

35 

4 

42 

h4S 

71N) 

U 

Iu.9 

55 

49 

12* 

:u 

1144 

IWH) 

0 

31.2 

122 

K4 

'y  w  X 


0.51 
0.71 
0.93 
1.T4 


0.53 
0.64 
1  02 
2.27 


0.73 
0.87 
1.17 
2.47 


*2,'>  seeds  planted  this  distance  apart.     Computed  as  50  seeds  for  comparison. 
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GRAPHIC  PRESENTATION  OF  THE  RESULTS 

GIVEN  IN  THE  TABLES. 


The  lines  represent  averages  of  the  number  of  heads  and 
the  amount  of  grain  produced  under  all  conditions  in  each 
locality.  The  results  for  two  seasons  at  Laramie,  Lander, 
ajid  Sheridan  have  been  averaged.  With  oats  only  one 
season's  work  was  done  except  at  Sheridan,  where  the  re- 
sults of  two  seasons  are  averaged.  The  lines  for  the  dif- 
ferent kinds  of  grain  are  drawn  to  the  same  scale  so  either 
the  number  of  heads  or  the  yields  of  each  may  be  compared. 
As  the  same  amount  of  land  was  used  in  each  case  the  lines 
represent  corresponding  yields  for  equal  areas. 

WHEAT. 

Tillering  shown  by  the  average  number  of  heads  pro- 
duced at  each  place.  Wheatland  and  Sundance  are  for  one 
season,  other  places  represent  averages  for  two  seasons. 


Liraraje  .  ,  ;i 


Laader  .  . 
Sheridan  .  . 
Siiodance  . 


I 
Wheaxlaod 
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WHEAT. 

Tillering  shown  by  average  yield  of  grain  under  all 
conditions.  Wheatland  and  Bundance  are  for  one  season, 
other  places  represent  averages  for  two  seasons. 


Laramie 


Lander    . 


Sheridan. 


Sundance 


Wheatland, 


OATS. 

Tillering  shown  by  the  average  number  of  heads  pro- 
duced under  all  conditions.  At  Sheridan  average  is  for 
two  seasons,  other  places  for  one  season. 


Laramie. . 


Lander 


Sheridan, 


Sundance    . 


Wheatland. 


OATS. 

Tillering  shown  by  the  average  yield  of  grain  under 
all  conditions.  At  Sheridan  average  is  for  two  seasons, 
other  places  for  one  season. 


Laramie  . 
Lander.  . 
Sheridan  . 
Sundance 


Wheatland 
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ComparatWe  tillering  of  wheat,  oata  and  barley  as 
shown  bv  the  average  number  of  heads  produced  nnder  all 
conditiotiB  apon  all  the  farms. 
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Comparative  yields  of  wheat,  oats  and  barley  as  shown 
by  the  average  yield  of  each  under  all  conditions  and  upon 
all  the  farms.  We  are  often  asked  what  grain  to  plant  upon 
a  small  piece  of  ground  to  get  the  largest  yield  in  any  one 
season.  This  shows  that  under  the  average  conditions  in 
the  state  barley  will  produce  the  heaviest  yield,  i.  e.  the 
greatest  weight  of  grain  per  acre,  oats  second  and  wheat 
third. 

Wheat.  .   . 


Oais.  .  .   , 
Barley  .   . 


EFFECT  OF  ALTITUDE  ON  STOOLING  OF  GRAINS. 

We  have  shown  the  difference  in  tillering  power  and 
yield  of  wheat,  oats,  and  barley  at  each  of  the  sub-farms. 
Because  of  the  great  difference  in  the  natural  conditions, 
especially  of  soil,  in  the  different  sections  of  the  state  it 
would  be  diflScult  to  assign  reasons  for  the  difference  in 
tillering  and  yields.  Therefore  a  general  comparison  of 
these  results  merely  indicates  the  relative  amounts  of  grain 
which  may  be  expected  in  each  place. 

No  doubt  the  kind  and  condition  of  the  soil  has  a  most 
important  influence,  and  grain  raised  upon  a  characteristic 
soil,  as  that  at  Sheridan  for  example,  could  not  be  compared 
with  that  grown  upon  an  entirely  different  soil  in  order  to 
assign  difference  in  growth  or  yield  to  some  other  cause. 
Difference  in  fertility  causes  difference  in  number  of  heads 
produced  by  each  seed.* 

So  far  as  we  have  been  able  to  ascertain  the  conditions 
at  Wheatland  and  Laramie  in  1896  were  very  nearly  the 
same  except  those  due  to  difference  in  altitude  and  we  ven- 
ture to  make  a  comparison  of  the  stooling  of  grains  at 

•Recent  experiments  in  Russia  by  D.   N.  Pryanishnikov  and  S.  M.  Kouznezov  with  barl«y 
show  that  the  number  o!  stems  producing  heads  increased  with  the  increase  of  nitrogen  supplie<l 
in  the  form  of  sodium  nitrate.     Exp.  Sta.  Record,  vol.  IX,  p.  741. 
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th^e  places,  believing  that  it  indicates  in  a  general  way 
the  influence  of  altitude  upon  their  tillering  capacity.  Dif- 
ference in  conditions  due  to  altitude  are  largely  those  ap- 
pertaining to  temperature  and  difference  in  air  pressure  At 
high  altitudes  the  nights  are  colder  and  the  seasons  shorter 
than  at  low  ones,  variations  which  have  an  important  ef- 
fect on  plant  growth.  The  loss  of  moisture  from  plants 
through  transpiration  differs  with  change  in  intensity  of 
light,  change  in  temperature  of  the  air,  and  the  moisture 
in  the  air,  and  change  in  the  pressure  of  the  air  itself.* 
Therefore  differences  in  altitude  along  with  the  variations 
in  climate  would  be  expected  to  produce  appreciable  effects 
apon  plant  growth. 

The  altitude  of  the  Laramie  farm  is  approximately 
7^00  feet  while  that  at  Wheatland  is  4,700  feet,  giving  a 
difference  of  2,500  feet. 

The  soils  of  the  Laramie  and  Wheatland  farms  are  al- 
most identical.f 

The  two  farms  are  located  about  sixty  miles  apart. 
Both  have  the  same  conditions  of  exposure,  being  out  on  the 
open  plain  away  from  the  protection  of  surrounding  hills 
and  mountains.  The  climatic  conditions  other  than  those 
doe  to  difference  in  altitude  are  much  the  same. 

Table  XV  gives  the  data  obtained  in  the  stooling  tests 
at  Wheatland  and  Laramie  in  1896.  It  will  be  noticed  that 
more  heads  per  stool  and  more  grain  were  produced  at  the 
lower  altitude.  Taking  averages  of  the  heads  and  grain 
raised  under  all  the  conditions  at  the  two  places  gives  us 
with  wheat  a  difference  of  3.3  heads  per  stool  in  favor  of 
^\Tieatland  and  0.  27  oz.  more  of  grain.  With  oats  there 
were  3.7  more  heads  and  .47  oz.  more  grain  per  stool  at 
^Tieatland     With  barley  there  were  3.8  more  heads  and 

•S<e  Wyo.  Sta.  Bui.  15. 

+S€<  chemical  analyses,  Wyo.  Sta.  Bui  6,  pp.  16  and  21  ;  Geological  Origin  ot  the  Soils. 
Wyo.  Sta  Bui.  No.  14.  pp.  105  and  116  :  Mechanical  Analyses  of  the  Soils,  Wyo.  Sta.  Bui.  ;i5. 
n  16  and  173f  and  plates  showing  proportional  amount    ot   different   sized   soil   particles,   also 
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.44  oz.  more  grain  per  stool  at  Wheatland.  These  differ- 
ences are  shown  graphically  in  the  following  chart  in  which 
one  inch  length  of  the  heavy  horizontal  lines  is  allowed  to 
represent  ten  heads  per  stool  or  one  ounce  of  grain  per 

stool. 


?^;oa. 


WHEAT. 


UTOO 


H 


(  Heads. .  . 
r  Grain.  .  . 

Heads  .  . 

Grain.  .   . 


0.\TS 


'4700  ft.    j 


Heads. 
Grain.  . 
Heads  . 
Grain.  . 


r200 


BARLEY 


H 


Heads  . 

I  I  Grain   . 

I  (  Heads. 

'.4700  ft. 
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It  seems  fair  to  assume  that  the  difference  exhibited 
in  the  stooling  power  of  these  grains  may  result  directly 
or  indirectly  from  the  conditions  due  to  the  great  difference 
in  altitude. 

EFFECT  OF  IBBIGATION  ON  STOOLING. 

We  are  fortunate  in  being  able  to  compare  irrigated 
grain  with  that  raised  without  irrigation  in  two  places 
which  are  much  alike  in  soil  and  general  climatic  condi- 
tions. As  there  may. be  conditions  of  which  we  are  not 
aware  that  would  produce  important  effects  upon  plant 
growth  the  results  must  be  taken  with  some  allowance,  but 
we  believe  that  this  data  illustrates  the  effect  of  irrigation 
in  a  way  that  is  interesting  and  instructive  and  that  some 
reliance  can  be  placed  on  the  general  result. 
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It  would  be  difficult  to  find  two  places  one  in  a  semi- 
humid  and  the  other  in  an  arid  region  which  are  more 
nearly  alike  in  other  important  conditions  than  the  Lan- 
der and  Sundance  farms.  The  altitude  differs  by  about 
1,000  feet,  Lander  being  higher  than  Sundance.  This  dif- 
ference in  altitude  probably  has  its  effect  upon  the  stooling 
of  these  grains,  but  according  to  our  present  information 
the  stooling  is  diminished  with  increase  of  altitude.  There- 
fore this  difference  rather  helps  out  the  validity  of  the 
results. 

The  average  rainfall  at  Sundance  exceeds  that  at  Lan- 
der by  about  seven  and  three-fourths  inches.  The  rainfall 
at  Sundance  is  a  little  over  twenty-one  inches,  and  crops  are 
raised  without  irrigation.  The  rainfall  at  Lander  is  about 
thirteen  and  one-half  inches  and  irrigation  is  necessary  for 
all  crops.  Both  farms  are  surrounded  by  hills  and  moun- 
tains which  protect  them.  While  Lander  is  at  a  higher  alti- 
tude, the  mean  annual  temperature  is  also  a  little  higher,  be- 
ing 43.7  degrees  F.,  compared  with  41.2  degrees  at  Sundance. 
(See  Wyo.  Sta.  Bui.  No.  27).  The  soils  of  the  two  places 
are  very  much  alike.  They  are  derived  from  the  same  geo- 
logical horizons  (see  Wyo  Sta.  Bui.  No.  14.)  and  are  almost 
identical  chemically  and  mechanically,  (see  Wyo.  Sta.  Buls. 
No.  16  pp.  17  and  2*0  and  Bui.  No.  35). 

We  compare  the  stooling  in  1896  at  the  two  places  in 

Table  XVL     At  Lander  the  grains  were  irrigated  twice, 

June  10th  and  August  13th.    As  before  said  the  treatment 

of  the  soil,  planting  and  treatment  of  the  crops  were  the 

same  at  both  places.    With  wheat  there  was  a  difference 

in  favor  of  irrigated  grain  of  four  heads  per  stool  and  0.47 
oz.  of  grain  per  stool;  with  barley  the  difference  was  6.5 
heads  per  stool  and  0.99  oz.  per  stool  of  grain. 

With  oats  the  difference  was  11.2  heads  per  stool  and 
0.87  oz.  grain  per  stool.  The  results  can  be  illustrated  in 
the  following  way  allowing  one  inch  of  heavy  horizontal 
line  to  represent  10  heads  or  one  ounce  of  grain. 
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The  principal  reason  irrigation  produces  this  efifect 
is  obrions.  As  a  rule  the  grain  is  not  irrigated  until  the 
tillers  have  formed.  Up  to  this  time  there  would  be  little 
difference  in  growth.  Irrigation  at  the  proper  time  supplies 
the  needed  moisture  along  with  some  plant  food  and  makes 
other  plant  food  available  to  such  an  extent  that  the  tillers 
which  have  formed  are  stimulated  to  the  greatest  pos- 
sible growth  causing  a  maximum  number  of  heads  to  mature. 
The  grain  which  is  not  irrigated  matures  the  number  of 
heads  for  which  there  is  food  and  moisture  leaving  the  re- 
mainder of  the  shoots  undeveloped. 
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The  fUfmlinff  of  Grainn. 


PRACTICAL  HINTS  ON  GRAIN  GROW- 
ING AT  HIGH  ALTITUDES. 


lay  be  well  here  to  speak  of  Bome  general  informa- 
the  growing  of  smalt  grains  gleaned  from  Beveral 
iperiments  and  observations.  Farmers  located  be- 
DOO  and  7,500  feet  altitude  wiU  find  that  their  con- 
necessitate  some  modifications  of  the  general 
iral  practice  in  vogue  in  other  places.  Onr  Station 
1;  one  situated  at  such  an  altitude  and  our  farmers 
mate  to  have  a  Btation  here,  supported  b;  the  gen- 
emment,  where  such  investigations  can  be  made. 

are  often  asked  many  of  the  following  questions 
■  who  are  interested  in  growing  wheat,  oats  and 
The  answers  are  not  merely  guesses  made  apon 
iriuciples,  but  are  information  obtained  from  seven 
years'  actual  practice.  We  have  anticipated  other 
B  which  have  come  to  mind  during  the  preparation 
illetin  and  which  we  are  able  to  answer  at  this  time. 

it  are  the  problems  confronting  the  grower  of  ce- 
high  altitudes? 

t,  on  account  of  the  short  season,  it  is  necessary 
'  early  varieties  and,  second,  it  is  diCBcnlt  to  prepare 
nd  and  sow  the  seed  soon  enough  after  the  frost 
EDciently  to  allow  the  soil  to  be  worked,  where  farm- 
ne  on  a  lai^  scale. 
>} 
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Under  these  conditions  can  grain  be  grown  with  profit 
to  the  producer? 

Yes,  early  varieties  produce  good  crops  of  most  ex- 
cellent grain.  Three  years'  experiments  growing  grain  on 
a  small  8ca.le  at  Laramie  showed  a  profit  of  f8.88  per  acre. 
Oats  will  bring  even  a  better  return,  and  barley  succeeds 
better  than  either.  Barley,  when  ground  with  other  grain, 
is  very  valuable  for  feed,  and  our  brewing  barley  is  of  the 
best  quality.  It  requires  but  a  short  season.  We  have  ex- 
perienced no  difficulty  in  ripening  all  varieties. 

How  can  planting  the  grain  early  enough  in  the  spring 
be  accomplished? 

By  fall  plowing.  Our  open  falls  give  ample  time  for 
plowing  after  the  crop  is  oif .  We  recommend  as  deep  plow^- 
ing  as  possible  and  leaving  the  ground  rough.  In  the  spring 
harrow  thoroughly  before  sowing  the  grain. 

Will  not  the  winter  winds  blow  the  loosened  soil  a^vay? 

One  would  think  so,  but  we  have  had  no  difficulty  of  the 
kind.  The  ground  is  often  so  dry  in  the  fall  that  it  cannot 
be  plowed.  In  such  an  event  if  water  can  be  had  the  land 
should  be  irrigated  thoroughly  before  plowing.  Plowing^  in 
tlie  fall  retards  evaporation  during  the  winter  and  much 
of  the  water  supplied  by  fall  irrigation  will  be  available 
to  start  the  crop  in  the  spring. 

Will  winter  wheat  succeed? 


Not  as  a  rule.  At  Laramie  we  have  never  been  aY>\< 
to  make  wvinter  wheat  stand  the  drouth  of  winter.  Wintei 
rve  succchmIs  w(*11. 
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When  should  grain  be  planted? 

As  early  in  the  spring  as  the  frost  is  out  of  the  ground. 
E?en  early  varieti(*8  planted  after  the  middle  of  May  are 
apt  to  be  frosted  before  they  mature. 

Do  you  recommend  any  speeial  method  of  sowing  grain? 

Yes,  the  best  results  are  obtained  when  the  press  drill 
isused.  We  use  a  shoe  dnll  with  wheels  behind  which  press 
the  soil  around  the  secKl,  insuring  germination  and  growth. 
The  disk  press  drill  will  probably  work  better  than  the  shoe 
drill  on  sod  ground  but  we  cannot  speak  of  its  use  from  our 
own  exj)erience.  Broadcasting  and  harrowing  in  the  grain 
is  wasteful  of  seed,  secuivs  comparatively  poor  results,  and 
is  altogether  out  of  date. 

Will  not  using  a  heavy  roller  on  land  after  sowing  the 
{.Tain  with  an  ordinary  hoe  drill  or  other  method  do  as  well 
a«  nsiug  the  press  drill? 

A  roller  should  never  be  used  on  our  soils,  where  it  is 
necessary  to  save  all  the  moisture  possible.  Leaving  the 
Jnirface  smooth  from  rolling  allows  the  most  rapid  loss  of 
water  by  evaporation.  If  the  roller  is  ever  used  to  break 
Inmps  or  for  any  other  purpose,  the  surface  should  be 
broken  up  immediately  afterward  with  a  harrow  or  cul- 
tirator. 

Will  not  broadcasting  the  grain  and  plowing  under  se- 
nire  as  good  results? 

Only  under  the  most  favorable  conditions.  The  grain 
fannot  be  sown  so  evenly,  it  is  apt  to  be  covered  too  deep 
and  there  are  no  defined  drill  rows  which  allow  free  entrance 
of  light  and  circulation  of  the  air.  However,  plowing  shal- 
low to  cover  the  grain  is  better  than  covering  with  the  har- 
row. 
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What  varieties  do  you  recommend? 

Any  of  the  early  standard  varieties.  We  are  growing 
all  the  varieties  we  can  obtain  with  the  hope  that  something 
may  be  found  even  better  than  the  varieties  that  have  al- 
ready proven  successful.  Velvet  Chaff  or  Blue  Stem  and  the 
Fife  wheats  require  a  little  longer  season  than  we  generally 
have  here  and  they  shell  badly  when  ripe.  Varieties  of 
wheat  which  have  succeeded  best  are,  Defiance,  White  Rus- 
sian, Amethyst,  Australian  Club,  Chili,  and  such  feeding 
sorts  as  Polish,  Seven  Head,  and  Pride  of  America. 

A  good  feeding  barley  is  Nepaul,  which  is  both  beardless 
and  hulless.  Good  brewing  sorts  are,  the  Manshury,  which 
is  six-rowed,  and  Chevalier,  Vermont  Champion  and  High- 
land Chief  in  the  two-rowed  sorts.  The  Chevalier  and  Ver- 
mont Champion  barleys  drop  their  beards  when  the  grain 
is  ripe.  The  Chevalier  is  an  especially  fine  variety  but  it 
must  be  cut  at  just  the  right  time  to  prevent  loss  by  shelling. 

Varieties  of  bnsh  oats  seem  to  be  earlier  than  varieties 
of  side  oats.  The  side  oats,  being  late,  grow  the  full  length 
of  the  season  and  on  this  accrount  are  probabl.v  better  to 
plant  where  they  are  int(»nd(»d  to  be  cut  for  hay,  as  they 
produce  a  large  amount  of  wtraw.  The  Bonanza  seems  to 
be  especially  fine  for  this  ])nr])08e.  Bush  oats  are  recom- 
mended for  the  production  of  grain.  Lincoln,  Surprise, 
White  Wonder  and  Clydesdale  are  excellent  varieties. 

Is  it  advisable  to  treat  the  seed  before  planting? 

We  have  not  been  bothered  to  any  extent  with  smut  in 
barley,  but  wheat  and  oats  should  be  treated  unless  it  is 
known  that  the  seed  is  clean.  (For  methods  of  treatment 
see  Wyo.  Sta.  Bui.  No.  21). 

How  many  irrigations  are  necessary? 

That  depends  upon  so  many  conditions  that  »0  rule  can 
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pen.  At  low  altitudes,  as  at  Sheridan,  the  grain  is  often 
ited  five  times.  On  the  Laramie  plains  pood  crops  are 
lently  secured  with  one  or  two  irriftations.  Rod  land 
ires  much  more  water  than  that  whirh  has  been  viiltl- 
I  a  number  of  years. 

SVhen  should  grain  be  harvested? 

\s  a  general  rule  when  it  is  in  the  thick  dough.  With 
le  head  ripens  before  the  straw.  If  left  till  the  straw 
>e  the  grain  is  apt  to  shell  badl.v  from  winds.  If  har- 
'd  while  the  straw  is  still  green  the  shocks  should  not 
lade  too  large  as  there  might  be  some  danger  of  the 
1  heating  and  spoiling. 

[Joes  it  pay  to  put  stable  manure  on  land  for  grain? 

res.  if  a  light  dressing  can  be  put  on  at  a  moderate  cost, 
season  we  found  that  puttinj;  on  stable  manure  at  the 
>f  twelve  loads,  of  about  one  ton  each,  per  acre  increased 
ield  of  wheat  from  thirty-two  to  fifty  bushels  per  acre, 
irge  areas  of  laud  we  believe  there  are  rotations  with 
nioous  crops  whieh  will  keep  up  the  soil  fertility  clieap- 
an  by  the  use  of  manure. 

tVhat  would  be  a  good  rotation  for  the  Laramie  plains? 

V  good  four-  year  rotation  would  he:  First  year  peas, 
id  year  grain,  third  year  potatoes,  nnd  fourth  year 
1.  A  good  six  or  seven  year  rotation  would  be:  Alfal- 
ree  years,  fourth  year  grain,  fifth  year  potatoes,  sixth 
xth  and  seventh  years  grain.  We  find  that  growing 
for  only  one  year  makes  a  wonderful  difference  in  the 
of  grain,  and  alfalfa  is  a  noted  improver  of  the  soi]. 
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Should  one  of  the  cereals  follow  another  on  the  same 
land? 

Not  if  you  wish  to  keep  the  seed  clean  and  unmixed. 
All  the  seed  which  is  left  on  the  ground  from  one  yeai-'s 
crop  secniis  to  grow  the  next  season,  so  if  gmin  is  to  be 
planted  two  years  in  succession  on  the  same  land,  the  same 
variety  should  be  used. 

* 

Which  of  the  grains  is  most  apt  to  succeed  upon  land 
which  begins  to  show  alkali  coming  to  the  surface? 

Rye  will  stand  more  alkali  than  other  grains.  In  the 
field  there  is  but  little  difference  between  the  other  grains, 
though  wheat  and  barley  seem  to  germinate  in  stronger 
alkali  than  oats.  ITpon  land  which  is  becoming  affected  by 
the  rise  of  alkali  to  the  8Ui*face,  instead  of  planting  p^rain 
of  any  kind,  unless  there  is  too  much  alkali,  we  would  rec- 
ommend planting  alfalfa,  which  is  a  deep-rooted  plant  and 
which  will  keep  the  ground  shaded  a  larger  part  of  the 
time,  preventing  evaporation  and  the  rapid  accumulation 
of  salts  upon  the  surface. 

What  is  the  meaning  of  stooling  and  tillering  as  used 
in  this  bulletin? 

As  here  used  the  two  terms  are  synonymous.  Tillering 
means  the  throwing  out  of  additional  stems  or  branches, 
often  called  ^^snckers,"  from  the  crown  of  the  plant.  This 
produces  the  stool,  which  consists  of  the  total  number  of 
stems  growing  from  a  single  seed. 
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LETTER  OF  TRANSMITTAL. 


■  Ewc€llmcy, 

m.  De  Forest  Richards, 
Governor  of  Wyoming, 
Cheyenne,  Wyoming. 
)  President  and  Director  I  have  tbe  boDor  to  preeeot 
Dth  Annual  Report  of  the  Agricnltaral  College  and 
;ricnltural  Esperiment  Station  of  Wyoming.     This 

covers  the  work  of  the  College  and  station  from 

1898,  to  July  1,  1899. 

ipiea  will  be  sent  also  to  all  Agricultural  Colleges,  to 
cretary  of  tbe  Treasury,  to  the  Setretary  of  tbe  In- 

and  to  the  Secretary  of  Agriculture,  in  accordance 
»;tions  3  of  Acts  of  Congress  of  August  30,  1890,  and 
2,  1887. 

Respectfully  submitted, 

sity  of  Wyoming,  I^  -■ — • -  ^^ 

une  30,  1899. 
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NINTH  ANNUAL  REPORT 

tlleiie  of  iiplcDltme  of  tlie  nniversit;  of  Wiomii. 

[  hereby  eiibmit  the  nhith  anniiHl  report  of  the  ("ol- 
of  Agricalture  of  Wyoming,  in  compliance  with  en- 
ent  of  CongresB.  Following  thin  report  is  a  technieal 
r  presented  by  Mr.  Elins  Nelson  as  a  thesis  for  the  M. 
>gree.  While  it  reveals  a  large  amonnt  of  research,  yet 
innot  be  considered  experimental  and  is  therefore 
ed  with  the  Agricultural  College  report  rather  than 
the  report  of  the  Experiment  Station, 

INOEPTION  OF  THE  OOIXEOE. 
Dhe  first  president  of  the  University  of  Wyoming,  when 
rncting  the  various  courses  of  the  institution,  in  ac- 
ince  with  the  act  of  incorporation,  planned  for  distinct 
}l»  of  agriculture  and  mechanic  arts.  These  depart- 
s  did  not  obtain  much  growth  until  1891.  On  the  Iflth 
.nuary  of  that  year  they  were  organized  into  separate 
jes  by  an  act  of  the  Legislature  of  Wyoming,  which 
d  the  control  of  the  appropriations  from  the  Morrill 
»f  Congress  in  the  Board  of  Trustees  of  the  State  Uni- 
ty. The  Morrill  Act.  approved  August  30,  1890,  was 
ded  to  grant  an  endowment  for  agricultural  and  me- 
ical  colleges  in  addition  to  that  obtained  by  a  land 
:  on  July  2,  1862. 

PRESENT   MAIf  AOEHENT  AND   COOBSE. 
["he  Board  of  Trustees,  whose  names  appear  on  a  pre- 
g  page,  have  been  changed  since  the  last  report  by  the 
ntmeut  of  Judge  J.  A .  Riner  and  Hon.  S.  Conant  Parks 
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la  the  |Jace  of  Prof,  J.  O.  Churchill  and  Hon.  J,  A,  McAto; 
whose  terms  of  office  had  expired;  and  by  the  election  « 
Hon.  ThomaB  T.  Tynan  as  State  Buperintendent  of  Pnbli 
Instruction.  The  faonlt.v  of  the  College,  with  the  positio 
held  by  ea(rh  member,  appears  on  another  page.  Whenert 
a  consolidation  of  classes  has  been  possible,  the  profeseort 
a  anbjeet  has  been  employed  as  in  the  College  of  Liben 
Arts.  Thus  considerable  expense  has  been  saved  to  th 
state  and  an  economical  management  effected. 

The  various  courses  in  agriculture  and  mechanical  ei 
gineering  have  been  appended  to  this  part  of  the  repor 
and  will  be  fonnd  to  present  as  high  a  standard  as  those  i 
any  similar  institution  in  the  country.  The  model  offew 
by  the  Committee  on  Conrees  of  the  American  Associatic 
of  Agricultural  Colleges  and  Experiment  Stations  has  b« 
closely  followed. 


The  laboratory  facilities  of  the  Agricultural  College  a. 
the  same  as  those  of  the  University  and  are  very  good  : 
most  branches  of  science;  the  comparatively  small  numb 
of  students  in  the  higher  classes  gives  opportunities  for  pf 
sonal  attention  from  instructors  and  the  use  of  better  a 
paratus  than  in  most  large  institutions. 

The  Physical  Laboratory  is  fitted  with  water,  gas,  ai 
electricity,  and  accommodates  students  in  sections  of  twc 
ty-four  at  once.  The  method  of  conducting  the  laborato 
work  in  elementary  classes  is  that  which  is  sometim 
known  as  the  "collective  system."  I'nder  this  method  i 
are  engaged  on  the  same  experiment  at  the  same  time,  tb 
allowing  the  teacher  to  instruct  the  whole  class  at  once 
difficult  points,  and  still  leaving  him  free  to  devote  t 
greater  portion  of  his  time  to  assisting  those  who  need  p 
ticular  attention.  Each  elementary  student  performs  a  s 
ics  of  experiments  in  accurate  measurements  and  weigh 
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n  machineB,  aud  compoeition  of  forces;  properties  of 
*;  thependulnm;  heat;  magDetism;  electricitj,  testing 
stance  and  making  of  celU,  etc.  Advanced  stndentB 
he  use  of  accurate  instrumenta  for  electrical  measure- 
motor,  dynamo,  and  Btatical  electrical  machines, 
apparatus,  phonograph,  telephones,  electrical  heater, 
etc.  The  field  work  in  surveying  included  in  this  de- 
ant  covers  the  use  of  the  Wye-level,  compass,  transit, 
lar  attachment. 

le  new  equipment  added  to  the  Depari:ment  of  Physics 
:  the  past  year  consists  of  the  following  apparatus :  A 
s  pendulum,  ^n  optical  bench  and  accessories,  a  differ- 
galvanometer,  a  Waltenhafer  pendulum,  a  Mack's- 
uachine.  a  quadrant  electrometer,  an  IS-light  (16  can- 
fver  each)  d^'namo,  a  'i  horse  power'  electrical  motor, 
resla  vibrator  in  addition  to  numerous  smaller  pieces 
L  demonstrations. 

le  Geological  Laboratory  contains  facilities  for  study- 
aeralogy,  geology,  and  paleontology.  Students  of  min- 
r  determine  in  the  first  term  some  fifty  minerals  with 
>w-pipe  and  familiarize  themselves  with  two  hundred 
For  advanced  students  in  mineralogy  there  are  two 
raphical  microscopes,  with  rock  sections  and  instru- 
for  preparing  the  sections.  The  collection  of  rock 
ents  for  class  use  now  numbers  six  hundred.  The  op- 
ities  for  field  work  in  geology  are  fully  described  in 
partment  statement.  The  paleontological  collection 
g  rapidly  enlarged  from  Wyoming  fields  and  already 
.  ample  material  for  original  work, 
le  Chemical  Laboratory  has  locked  desks,  provided 
las  and  water,  for  thiriy-six  students.  Elementary 
ts  perform  about  one  hundred  experiments,  many  of 
[uantitative,  and  then  make  complete  qualitative  an- 
of  twenty  mixtures.  Advanced  students  have  all 
iry  apparatus  for  dilftcult  organic  and  inorganic 
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preparations,  qnaDtitative  analysis,  including  organic,  gaa 
sugar,  and  electrolytic  analj'sis,  and  determination  of  beal 
of  combustion  with  the  bomb  calorimeter. 

The  Biological  Laboratory  is  provided  with  sinks,  gs£. 
water,  excellent  compound  and  dissecting  microscope)),  mi 
crotonies,  turntables,  waterbaths,  charts,  models,  phow 
graphic  apparatus,  and  the  necessary  appliances  for  bacterl 
ological  work. 

The  Machine  Shops  are  run  as  nearly  as  possible  to  cor 
respond  with  actual  manufacturing  establishments.  In  ttw 
wood  room  each  student  has  his  own  chcst  of  tools  for  bericl: 
work  and  has  the  use  of  turning  lathes,  pattern  maker': 
trimmer,  mortising  macliine,  pony  planer,  short  jointer,  bor 
ing  machine,  band  saw,  scroll  saw,  variety  wood  worker 
and  circular  saw  with  two  cross  cut  and  two  rip  saws.  Tht 
iron  room  is  provided  with  a  24  inch  x  24  inch  x  6  too 
planer,  a  25  inch  back  geared  power  feed  drill  press,  a  uni 
versal  milling  machine,  a  14  inch  x  6  foot  engine  lathe,  a  K 
inch  X  ti  foot  engine  lathe,  a  power  back  saw,  a  twist  dril 
grinder,  a  power  pipe- threading  machine,  a  14  inch  sensitivi 
drill,  and  an  emery  grinder  with  two  14  inch  wheels.  Tb' 
(oundi-j-  contains  a  Whiting  cupola,  ^2  inch  outside  diamt 
ter  lined  down  to  a  23  inch,  which  has  a  capacity  of  meltini 
from  1,0<H)  to  2,0110  pounds  of  iron  an  hour.  It  is  al»o  prt 
vided  with  six  50  pound  ladles,  one  20ft  pound  ladle,  cor 
oven,  flasks,  riddles,  bellows,  and  all  tools  necessary  to  opei 
ate  a  first -class  foundry.  There  are  also  complete  sets  c 
piping  tools  for  steam  fitting  and  a  forge  for  sharpening  an 
tempering.  Advanced  classes  have  the  use  of  an  America 
Thompson  Indicator  and  Arndt's  Econometer  with  which  t 
take  indicator  cards  and  test  the  efficiency  of  boilers. 
MUSEUM. 

The  Agricultural  Museum  occupies  a  well-lighted  rooi 
on  the  third  door  of  the  Main  Building.    The  cases  are  Ian 
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and  built  of  substantial  oak.  They  contain  a  collection  of 
specimens  of  the  cultivated  crops  and  wild  grasses  of  Wyo- 
ming. With  the  collection  of  crops  are  the  seeds  of  each  in 
neat  exhibit  bottles.  The  exhibit  also  includes  some  rare 
seeds  from  Africa,  Japan,  and  other  foreign  countries.  The 
cereals  and  forage  crops  raised  on  the  Laramie  Experiment 
Farm  occupy  one  case.  They  are  arranged  in  an  artistic 
manner  and  contain  heads  of  grain  that  for  size  and  perfec- 
tion of  shape  are  rarely  surpassed.  The  exhibition  of  wild 
grasses  consist^  of  a  portion  of  those  sent  to  the  World's 
Fair  in  1893,  which  received  the  award  of  a  medal  and  di- 
ploma. The  fruits  of  our  state  are  as  yet  not  represented, 
but  some  work  has  been  done  in  reproducing  the  fruit  in 
plaster,  thus  making  it  possible  to  keep  them  on  exhibition 
in  permanent  form. 

The  collection  contained  in  this  museum  is  instructive 
to  the  student  and  gives  the  stranger  a  good  idea  of  what 
Wyoming  iis  capable  of  in  agriculture. 

The  Herbarium  now  contains  about  16,000  specimens. 
It  is  a  fair  working  collection  of  the  plants  of  the  Western 
United  States,  being  rich  in  those  of  the  Rocky  Mountains 
and  especially  of  Wj'oming.  A  steady  growth  is  maintained, 
collections  of  much  value  being  added  each  year.  It  repre- 
sents the  flora  of  Wyoming  so  far  as  known  and  is  becom- 
ing of  more  and  more  interest  to  students  who  desire  to 
make  a  special  study  of  the  plants  of  this  range,  especially 
so  since  it  contains  the  types  of  many  new  species  recently 
described.  The  herbarium  is  open  to  University  students 
and  others  whose  previous  training  is  such  as  to  enable  them 
to  profit  by  its  use. 

KEW  BUIIJ>INO. 

The  last  legislature  provided  for  an  appropriation  for  a 
new  building,  which  will  probably  be  a  Science  Hall,  and 
will  include  the  Museum.    This  will  relieve  the  pressure  of 
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the  over-crowded  laboratories,  and  will  afford  for  tbefl 
time  an  opportunit^v  of  exhibiting  to  the  public  the  agric 
toral  Bpecimena,  miuerala  and  gigantic  fossil  Banrians  wh: 
have  hitherto  been  stored  away  for  lack  of  room. 


Departmental  Statements. 

The  following  is  a  detailed  report  of  each  departoH 
of  the  College  of  Agriculture : 

POLmOAI.  SOIEICCE. 

This. department  includes  civic,  public  law,  p(diti 
economy,  and  sociology.  Its  aim  has  been  to  cultivate  in 
pendent  thought  and  foster  intelligent  citizenship.  Al 
the  origin  and  growth  of  each  subject  has  been  investiga' 
and  the  general  principles  have  been  acquired,  the  stud 
is  required  to  apply  the  principles  thus  obtained  to  lead 
problems  of  the  pi-esent  day.  Debates,  public  and  privi 
form  an  important  feature  of  the  courses.  The  follow 
subjects  are  offered: 

II.  Constitutional  Law.  Cooley;  Black.  Examinal 
of  cases;  lectures;  debates.  [Elective  for  agricultural  i 
iors.] 

III.  International  Law,  Walker;  Gallaudet;  Wooli 
Snow's  Oases.  Letitnres;  debates;  theses.  [Elective 
agricultural  seniors.] 

IV.  Political  Economy.  Ely's  Introduction;  Wall 
Marshal;  Gi-egory.  Lectures;  debates;  theses.  [Reqn 
of  agricultural  and  mechanical  seniors.] 

VII.  Comparative  Goivrnment.  Wilson's  The  St 
Wenzel's    Comparative    View    of   Government;    Bagel 
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Conetitution ;  HeJie's  Lee  ConBtitutione  de  France; 
'»  Sketch  of  the  German  Constitntiou ;  Bryce'B 
n  Commonwealth.    Lectures;  theses.    [Blectire  for 


SOOIAX  SCIENCE. 

aim  of  this  department  Ib  to  familiarize  students 

history  of  social  development  and  to  encourage  in- 
ion  of  the  principles  on  which  social  progress  de- 

After  a  thorongh  grounding  in  the  fundamental 
le  student  is  expected  to  observe  the  social  phe- 
about  him  and  to  study  the  various  problems  in  an 
lent  manner.  Inasmnch  as  sociology  is  a  science 
t  birth  and  its  theories  are  constantly  expanding, 
the  ctasB-work  consists  of  lectures  and  theses.  The 
g  subjects  are  offered: 

Principles  of  Sociology  Small  and  Vincent;  Gid- 
i^idd's  Social  Evolution.  Lectures;  debates;  theses, 
e  for  agricultural  seniors.]' 

Social  Problems.  Study  of  crime,  suicide,  insanity, 
m,  charities,  temperance,  socialism,  edacation,  etc. 
on;  theses.  [Elective  for  agricultural  seniors  who 
en  I  and  Philosophy  IV.] 

fiocial  Philosophy.  Lectures  on  social  theories,  old 
,  and  on  the  aims  of  society.  Discussions;  theses. 
e  for  agricultural  seniors  who  have  taken  I  and  II.] 


PHXIA80PHT. 

work  of  this  department  is  intended  to  furnish  an 
ance  with  philosophic  thought,  to  afford  a  training 
ethods  of  investigating  philosophic  phenomena,  and 
?  the  student  with  the  latest  methods  of  education, 
attention  is  given  to  physiological  psychology.  The 
this  subject  is  illustrated  by  charts  and  models  of 
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the  brain  and  sense  or^anti  and  b.t  the  introduction  of  vi 
oua  cxperimentit.  In  teaching  lo^ric  more  time  than  formP 
IB  given  to  inductive  reaeoning,  an  a  jierfect  knowledge 
this  form  is  especially  helpful  to  8<'ientiflc  students  and 
those  intending  to  do  researoh  work  in  philosophy. 

I.  Psychology,  ftitrodurlorg.  Jsmies's  Briefer  Psyfli 
ogy,  or  Tilchcner's  Outlines  of  Psychology.  Collatp 
Readings.  The  purpoRe  of  this  course  is  to  give  the  studt 
insight  into  the  principal  psychological  conceptions  e 
methods,  and  i)ractice  in  simple  psychological  experimeB 
tion.     [Recjuired  of  agricnltiiral  juniors."]' 

II,  Pnychologn.  Adriinced,  Investigation  of  spet 
topics.  Reading,  observation,  exfieriment.  [Elective 
those  students  who  have  taken  I;  winter  term;  five  tin 
a  week.']' 

III,  Logic.  Jevons-Hill's  Elements  of  Logic  as  t< 
with  Fowler,  Baiii,  Sidgwick.  and  others  for  referei 
Treatment  of  the  proposition,  immediate  and  mediate  in 
ence,  the  hypothesis,  argnments,  and  fallacies.  Special 
tention  to  the  principles  and  methods  of  induction.  [F. 
tive  for  agricultural  seniors.] 

IV.  Ethics.  Markenzie's  Manual  of  Ethics,  or  M 
head's  Elements  of  Ethics.  Lectures  and  discussions  fl 
readings  from  Plato,  .\ristotle,  Kant,  Mill,  Spencer, 
others,  A  criti<'al  examination  of  different  ethical  theoi 
cheifly.  Hedonism,  ancient  and  niodevn;  Rigorism;  and  I 
lutionary  T'tilitarianism.  [Elective  for  juniors  and  sieni 
spring  term;  five  times  B,  wt'ek.]' 

BIOLOOT. 

The  department  of  biology  as  at  present  organizet 
eludes  botany,  zoology  and  physiology. 

Even  in  the  introductory  courses  laboratory  -Ror 
made  a  prominent  feature  in  order  that  from  the  first 
dents  may  become  self-reliant. 
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The  equipment  of  the  department  has  been  adequate 
to  the  demands  made  upon  it,  and  as  new  necessities  arise  in 
connection  with  the  several  courses,  they  will  be  supplied 
as  far  as  possible  from  the  resources  at  command. 

Ohe  of  the  two  rooms  of  the  department  is  a  convenient 
lecture  room  having,  among  its  other  equipments,  a  lantern 
with  microscope  attachment.  This  enables  the  instructor  to 
illustrate  on  the  scheen  by  both  lantern  and  microscope 
slides  the  subject  under  discussion. 

The  laboratory  is  large  and  well  lighted,  and  is  fur- 
nished with  working  tables  and  dt^sks.  The  following  sub- 
jects are  offered : 

BOTANY. 

I,  II,  III.  General.  The  purpose  of  this  introductory 
course  is  to  give  a  general  view  of  the  entire  field.  The  work 
progresses  from  the  simplest  plants  to  the  n^ore  specialized 
forms.  The  first  and  second  terms  are  devoted  to  the  mor- 
phology and  physiology  of  plants,  and  the  third  term  to  the 
ecology  and  classification  of  phanerogams.  [Required  of 
agricultural  freshmen.] 

IV,  V.  Histology  and  Physiology.  A  course  in  histology 
and  experimental  physiology  of  the  higher  plants,  together 
with  a  consideration  of  some  of  the  special  problems  of  plant 
reproduction  and  morphology.  [Elective  for  agricultural 
seniors.]' 

VI.  Mycology.  Fungi  in  general,  but  with  special  at- 
tention paid  to  those  of  economic  importance.  [Elective 
for  agricultural  seniors.] 

ZOOLOGY. 

I,  II,  III.  General.  The  aim  is  to  acquaint  the  student 
with  the  main  facts  of  animal  structure,  physiology,  and 
classification  by  means  of  lectures,  laboratory  work  on  typi- 
cal aiUmal  forms,  and  prescribed  readfng.  It  is  a  prerequi- 
site for  the  other  courses  in  Zoology.  [Required  of  agricul- 
tural sophomores.] 
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IV,  V.  Comparative  Anatomy  of  TerMrrates.  A  stud 
of  the  principal  problems  connected  witb  the  saccemi 
modification  of  the  different  ofgans  in  the  seTeral  clasBtt  ( 
animals.     [Elective  for  all  who  have  taken  I.  II,  and  III.J 

YI.  Microscopical  Anatomy.  MicroBCopical  techniqn 
methods  of  investigation,  and  the  preparation  of  sections  i 
normal  vertebrate  tissues.  [Elective  for  agricaltaral  « 
iora.] 

PHTSIOUMST. 

I.  Physiology  and  Hygiene.  This  course  assnmes  on  tl 
part  of  the  student  such  general  knowledge  of  the  hnmi 
bod.v  as  is  provided  in  the  grammar  grades  of  onr  best  psbl 
schools.  The  course  aims  to  review  the  more  important  sn 
jects  to  consider  the  problems  of  hygiene  that  are  of  spec) 
interest  to  all  students,  [Repuired  of  preparatory  agrici 
tural  students.] 


AaBIOUI.TDRE. 

The  instruction  in  agriculture  aims  to  give  the  atnd* 
Ihe  greatest  possible  knowledge  of  the  science  of  agnc 
tural  practice  in  the  time  given.  The  larger  part  of  the 
stnu'tion  is  by  lectures.  Where  text-books  are  used,  tl 
are  supplemented  by  lectures,  keeping  the  student  abre) 
of  the  times. 

Up  to  the  senior  year,  as  often  as  the  other  work  • 
permit,  students  are  required  to  work  in  the  greeh-houBc 
upon  the  agricultural  grounds  or  experiment  farm  two  boi 
each  afternoon.  .As  far  as  possible,  the  work  is  made  to 
lustrate  the  branch  being  taught.  The  agricultural  i 
seum  furnishes  material  with  which  to  illustrate  the  stt 
of  farm  crops  and  the  agricultural  productions  of  the  woi 

In  the  work  upon  the  farm  and  the  instruction  in 
class-room,  the  methods  and  results  of  the  Experiment  i 
tion  are  always  before  the  student.  These  will  afford  I 
much  general  information  regarding  the  practice  of  agiii 
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liB  regioD,  and  will  give  him  an  ioaight  into  the  waj 
1  important  facts  are  deduced  from  the  mass  of 
lervatioDs  and  notes.     The  following  subjects  are 

iatorg  of  Agriculture.  Tanght  b;  lectares  and  refer- 
ks,  such  as  Goss's  Principles  of  Plant  Culture,  and 
8  How  Plants  Grow,  and  How  Plants  Feed.  A 
line  of  the  history  of  agriculture,  followed  by  a 

course  in  the  principles  of  plant  cultivation  and 

[Required  of  agricultural  sopbomores.J' 
5oti»,  Tillage,  and  Fertilizers.     Taught  by  lectures 
-ence  books,  such  as  King's  The  Soil,  and  Storer's 
ire.      [Required  of  agricultural  sophomores.] 

Farm  Crops,  Lectures.  Planting,  irrigating,  har- 
and  marketing;  laying  out  and  improving  farms; 
sagement  and  farm- accounts.    The  students'  prac- 

inclnde  setting  up  and  running  farm  machinery, 
and  irrigating  crops  properly.  [Required  of  agri- 
sophomores.] 

V.  Breeds  of  Live  Stock.  Curtiss's  Breed?  of  Live 
'arfield's  Cattle  Breeding,  and  Miles'  Stock  Breed- 
tlemented  by  lectures  and  practice  in  judging  by 
mints..    [Required  of  agricultural  juniors.] 

Stock  Feeding  and-  Dairy  Management.  Armsby's 
^ing,  Henry's  Cettle  Feeding,  and  lectures.    [Re 

agricultural  juniors,] 


HORTIOITLTU  RE. 

instruction  in  this  department  aims  to  give  the  stu- 
lod  general  foundation  in  the  science  of  gardening, 
titration,  fruit  raising,  landscape  and  ornamental 
g.  During  the  spring  term  of  one  year,  two  hours 
tory  work  each  week  in  the  multiplication  of  plants, 
budding,  and  making  cuttings  are  required.  The 
;  subjects  are  offered : 
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I.  Plant  Forcing.  Study  of  greenboases  and  hotbec 
and  of  tbe  cultivation  and  propagation  of  vegetables  u 
small  fruits.    Lectures.    [Required  of  agricultnnil  jnnion 

II.  Pomology.  Pruning,  grafting,  budding,  cuttinf 
and  orctiarding.  Lectures.  [Required  of  agricultural  j 
niors.]" 

III.  Ltindsciipe  and  Ornamental  Gardening.  Lector 
[Elwtive  for  agricultural  seniors.] 

IV.  Tliems  Work.  Pollination,  cross  fertilization,  n 
ation,  or  otTier  advanced  subject.  [Elective  for  agricultoi 
seniors.y 


EHTOHOI^OT. 

This  department  ainiH  to  give  the  student  an  inaig 
into  insect  life,  and  to  afford  some  knowledge  of  econoD 
entomology  through  the  study  of  injurious  insects  and  t 
ineanB  for  their  extermination.  The  foliowing  subjects  i 
required. 

I.  Elementary.  Packard's  Entomology,  with  Comsto 
for  refei-enve.  Lectures.  [Requii-ed  of  Agricultural  ji 
iors.] 

II.  Economic  Entomology.  Smith's  Economic  Eotoni 
ogy.  supplemented  by  lectures.  [Required  of  agriculta 
juniors.]' 

nuUGATION. 

The  object  of  this  department  is  to  give  a  general  ii 
of  the  principles  of  irrigation  practice  and  water  measi 
ment. 

I.  Principles.  Effects  of  water  on  soil  and  crops,  > 
measurement  of  water.  Wilson's  Irrigation  Engineer! 
Le<'tures,  reference  readinf,  and  practical  work.  [Requi 
of  agricultural  juniors.) 


Ninth  Annual  Report,  1899. 


17 


The  work  of  all  courses  in  the  department  of  chemistry 
is  experimental  and  inductive  so  far  as  consistent  with  the 
acquirement  of  the  necessary  amount  of  general  informa- 
tion. Students  are  from  the  first  encouraged  to  work  inde- 
pendently on  lines  of  investigation  in  which  they  are  spe- 
cially interested. 

The  department  of  chemistry  occupies  four  rooms  in 
the  south  end  of  the  Main  Building.  One  room  contains  the 
analytical  balances  and  the  chemical  reference  library,  the 
second  is  devoted  to  the  experimental  work  of  the  Wyoming 
Agricultural  Experiment  Station,  the  third  is  a  lecture  room, 
and  the  fourth  and  largest  room  is  fitted  up  for  the  classes 
in  qualitative  and  quantitative  analysis.  The  department 
is  well  equipped  with  apparatus  for  research  and  analytical 
work  in  organic  and  inorganic  chemistry.  The  following 
subjects  are  offered: 

I,  II.  Elementary.  Storer  and  Lindsay.  The  aim  of 
this  course  is  to  give  students  a  knowledge  of  the  laws 
of  chemical  change,  a  practical  familiarity  with  the 
principal  elements  and  compounds,  and  skill  in  the  manipu- 
lation of  apparatus.  [Required  of  agricultural  and  mechan- 
ical sophomores.] 

III.  Qualitative  Analysis.  Caldwell's  Qualitative  Anal- 
ysis. Students  acquire  the  ability  to  detect  the  ordi- 
nary acids  and  bases  in  any  substance.  [Required  of  agri- 
cultural and  mechanical  sophomores.] 

IV.  Quantitative  Analysis.  Caldwell  and  Fresenius. 
Twenty  simple  gravimetric  and  volumetric  determinations. 
[Electire  for  students  who  have  taken  III.] 

VI.  Inorganic  Preparations.  Erdmann's  Anleitung  zur 
Darstellung  chemischer  Praparate.  Preparation  of  a  num- 
ber of  difficult  compounds  and  elements.  [Open  to  students 
who  have  taken  III;  spripg  term;  laboratory  work  ten  hours 
a  week.] 

—(2) 
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VII.  Organic  Ckemistr}/.  Remsen's  Organic  Chemistrj. 
Lectures  and  recitations  on  tbe  compounds  of  carbon.  [He- 
qulrad  of  agricultural  juniore;  fall  term;  five  times  a  week.] 

VIII.  Organic  Preparations.  Oatterman;  Practical 
Methods  in  Organic  Chemistry.  [Open  to  students  wbo  baTc 
taken  VII ;  winter  term ;  laboratory  worji  ten  hours  a  week.] 

XI,  Agricultural  Chemistry.  The  chemistry  of  plani 
growth,  and  the  application  of  chemical  principles  to  prac 
tical  agriculture,  with  special  reference  to  the  problems  ol 
the  arid  region.  [Required  of  agricultural  juniors;  wintei 
term;  lectures  three  hours  and  laboratory  work  four  hoar 
a  week.] 

XII.  Applied  Chemistry.  Lectures  on  chemical  pro 
cesses  and  manufacturers  not  included  in  metallurgy,  and  oi 
methods  of  analysis  and  control.  Most  attention  is  paid  t 
subjects  of  practical  importance  in  Wyoming;  such  as  petrc 
leum  and  its  products;  coal,  gas,  and  coke;  building  ston 
and  cements;  alkalies  and  acids;  beet  sugar;  glass;  air  am 
water  supply.    [Required  of  mechanical  juniors.] 


OEOIAGT. 

Most  of  the  instruction  in  this  department  is  given  ti 
lectures,  but  textbooks  are  used  for  reference  together  wit 
the  latest  geological  reports. 

The  location  of  the  Agricultural  College  is  excepdonal 
advantageous  for  the  study  of  geology.  Only  a  few  mill 
east  of  the  Laramie  mountains  rise  nearly  2,000  fe 
above  the  canipue,  while  to  the  westward  the  Me( 
cine  Bow  mountains  rise  5,000  feet.  Both  of  the 
mountain  ranges  are  mineralized,  and  mining  has  been  c« 
ried  on  for  many  years.  They  furnish  rich  fields  for  tl 
student  of  structural  and  dynamical  geology,  as  well  as  t 
those  who  wish  to  study  almost  new  Archean  exposun 
Flanking  these  ranges  are  Paleozoic,  Mesozoic,  and  Cenoz< 
rocks  that  have  been  exposed  by  the  mountain  making  ai 
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subsequent  erosion,  so  that  a  student  may  easily  make  him- 
self familiar  with  the  entire  series  of  Rocky  Mountains  sedi- 
mentary rocks.  The  working  collections  of  rocks  and  fossils 
in  the  department  are  not  large,  but  are  well  selected  and 
are  increasing  in  size  very  rapidly.  The  collection  of  Meso- 
zoic  invertebrates  is  very  complete  and  the  collection  of  Ju- 
rassic vertebrates  is  the  second  in  size  in  the  United  States. 
To  those  who  wish  to  study  economic  geology  special  induce- 
ments can  be  offered,  since  ores  of  economic  value  are  numer- 
ous, and  are  only  a  short  distance  away  from  the  University. 
The  plains  are  also  well  supplied  with  mines  of  coal  and 
deposits  of  clay,  gypsum,  and  building  stones. 

The  following  list  of  books  is  used  for  reference  and. 
text  work  in  this  department:  LeConte,  Dana,  Geikie,  Kay- 
ser-Lake,  Lapparent,  Tarr,  Zittel,  and  Nicholson  and  Ly- 
dekker.    The  following  subjects  are  offered: 

I.  Dynamical  and  Structtnal.  Geological  forces,  con- 
ditions in  which  stratified  rocks  are  found,  and  general  to- 
pography. Lectures;  Le  Conte  and  Dana  as  texts.  [Re- 
quired of  agricultural  juniors.]' 

II.  Mineralogical.  Elementary  study  of  mineralogy,  in 
which  a  student  is  required  to  determine  fifty  species  of  com- 
mon minerals  with  the  blow-pipe.  Lectures;  Crosby  and 
Brush  as  texts.    [Required  of  agricultural  juniors.] 

III.  Historical,  Study  of  fossilized  life  associated  with 
stratified  rocks,  and  methods  of  determining  formations 
from  associated  fossil  life.  Lectures ;  LeConte  and  Dana  as 
texts.     [Required  of  agricultural  juniors. J" 

IV.  Economic.  Study  of  the  minerals  of  economic  im- 
portance and  methods  of  preparing  them  for  the  market. 
Lectures;  Kemp  and  Tarr  as  texts.  [Elective  for  agricul- 
tural seniors.] 

V.  Paleontological,  Elementary  course  in  paleontology. 
Lectures;  Nicholson  and  Lydekker  as  text.  [Elective  for 
agricultural  seniors.]' 
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VI.  Advanced.  Course  arranged  to  suit  the  needs  of 
students.  One  week  in  the  field.  [Elective  for  agricultural 
seniors.] 


The  purpose  of  the  department  of  historj  is  to  creates 
taste  for  historical  reading  and  give  the  ability  to  compre- 
hend rightly  the  events  of  the  times  hy  applying  the  esperi- 
ence  of  the  pa«t  to  the  conditions  and  prohlems  of  today. 
The  aim  is  not  the  accumulation  of  a  mass  of  facts  and 
dates,  but  the  acquisition  of  a  right  camprehensioD  of  greal 
historical  events. 

Text-books  are  used,  especially  in  the  preparatory 
claitses;  but  the  study  of  the  assigned  lessons  is  suppie 
meiited  by  reading  different  authorities  on  the  same  snth 
ject  and  by  lectures.  The  historical  library  has  been  greatly 
enlarged  during  the  past  year  and  is  at  the  disposal  of  th( 
Btudeots  in  this  department.  The  following  courses  are  of 
fered: 

I.  England.  Montgomery's  English  History.  [Be 
quired  of  preparatory  students.] 

II,  III.  Mediavfal  and  Modern.  Myer's  Mediaeval  aw 
Modern  History.     [Required  of  preparatory  students.]' 

IV.  Greece.  Myers'  History  of  Greece;  GuerbiT's  My 
thology,    [Elective  for  agricultural  seniors.^ 

V.  Rome.  Allen's  History  of  Rome.  [Elective  (or  a| 
ricultural  seniors.] 

VI.  VII,  VII.  ^fiddle  Agea.  Thatcher  and  8chwil 
LectUi-es  and  supplementary  reading.  [Elective  for  agr 
cultural  seniors.] 

ENOLISH. 

The  aim  of  the  preparatory  work  in  this  de]>artment  i 
to  teach  the  students  to  understand  and  use  the  Eoglish  lai 
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orrectlj  and  to  ooaltivate  in  them  a  taste  for  the  beat 

ire.    A  thorongli  mastery  of  Eoglish  grammar  is  re- 

before  entrance  to  the  Preparatory  Year, 

student's  work  in  literature  is  made  to  furniBh  the 

u  as  well  as  the  material  for  the  preparation  of  es- 

rhese  essaya  are  subject  to  criticism  both  in  the  class 

th  the  individnal  writera. 

e  formal  study  of  rhetoric  la  designed  to  ground  the 

:  in  the  principles  of  English  composition  and  to  cul- 

lis  literary  sense  by  analytical  study. 

e  work  in  oratory  is  of  a  practical  character.    An 

B  made  to  secure  reading  that  shall  be  intelligent, 

and  forcible,  and  to  develop  spontaneons  expression 
le  mental  side.    The  student  meets  the  instructor  per- 

for  rehearsal  and  criticism. 
e  following  subjects  are  open: 

I,  111.  Composition  and  Rhetoric.  Constant  practice 
ng.  Hill's  Foundations  of  Rhetoi  ic.  Selections  from 
owing  American  authors  are  read,  and  passages  are 
zed:  Irving,  Bryant,  Longfellow,  Whittier,  Lowell, 
!,  Supplementary  reading.  [Required  of  agricul- 
id  mechanical  preparatory  i^tiideuts;  thiee  terms;  five 

week.] 

I,  VIII,  IX.  Literary  Masterpieces.  Reading,  com- 
I,  memorizing  selections.  The  books  prescribed  are: 
's  Palamon  and  Arcite;  Pope's  Translation  of  the 
looks  I,  VI,  XXII,  XXIV;  The  Sir  Roger  de  Coverly 
in  the  Spectator;  Qoldsmith's  Vicar  of  .Wakeflold; 

Ivanhoe;  DeQuincey's  Flight  of  a  TartJir  "Rbe; 
8  Last  of  the  Mohicans;  Selections  from  Tennyson's 
f  the  king;  Hawthorne's  Honse  of  Seven  Gables, 
[■ed  of  agricultural  freshmen;  three  terms;  once  a 

XI,  XII.  History  of  Literature.  History  of  English 
iierican   literature.     Selected  reading;  composition; 
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recitations.  [Required  of  agricultural  sopbomorea  and  nu 
clinni<-al  juniors.] 

XIII.  Xrv,  XV.  English  Poets.  Chaucer  and  Speneer 
Burns,  ^\'ord8worth.  Coleridge,  Byron,  Keats,  Shelley;  Tet 
nvHon  and  Browning.  Critical  reading  of  selected  poem 
with  Htudy  of  the  literary  art  of  the  poeta.  Gomparativi 
study.  Papers  on  topics  connected  with  works  read.  Bead 
ing  hy  the  professor  withrequisite  comments.  Special  a1 
tention  is  paid  to  the  grammar  and  pronunciation  of  Cbai 
cer's  works.  [Required  of  agrii-uitural  sophomores;  thre 
terms;  three  times  a  week.] 

XIX,  XX.  XXI.  Ornlorif.  Htudy  of  selections  fror 
great  English  and  .\mencan  orators.  Composition.  Reciti 
tions  and  declamations  which  are  subject  to  criticism  by  tb 
professor  and  by  the  class.  Every  member  of  this  clase  i 
i-cquired  to  deliver  in  public  one  original  oration  at  the  en 
of  each  term..  [Itetpiired  of  agricultural  and  mecbanici 
seniors:  three  terms;  once  a  week.] 


MATHEMATICS. 

Tlie  iuRtriK'tiou  in  marheiiiatii's  ainiB  to  develop  tt 
powers  of  mental  concern  ration,  to  give  facility  in  attackii 
onginal  problems,  and  ability  to  recognize  the  differt'ui 
between  logical  proof  and  presumptive  evidence,  and  i 
form  in  the  studentB  the  habit  of  expressing  his  ideas  in  co 
cise  mathematical  language. 

All  fundamental  concepts  are  presented  in  as  many  d 
ferent  forms  as  possible,  with  fullness  of  explanation  ai 
variety  of  illustration,  so  that  the  student  may  thorough 
understand  all  the  principles  involved. 

The  following  subjects  are  re«iuired: 

I.  II,  II.  IV.  Algfbrti.  Wtfutworth.  Wells.  Taylor. 
Charles  Smith.  Fundamental  operations.  Fractions  a 
fra<-tional  equations,  simultaneous  equations  of  the    fii 
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degree.  Problems  involving  two  unknown  numbers,  simple 
indeterminate  equations,  involution  and  evolution.  Radical 
and  imaginary  expressions,  quadratic  equations,  ratio  and 
proportion.  [Required  of  preparatory  students  and  fresh- 
men.] 

V,  VI.  Plane  Qeometry.  Wells,  Wentworth,  Chauvenet, 
or  Beman  and  Smith.  Much  of  the  time  is  devoted  to  solv- 
ing original  propositions,  and  when  time  permits,  some  of  the 
modern  methods  and  the  geometrical  theory  of  proportion 
are  taught.    [Required  of  freshmen.] 

VII.  Advanced  Algebra.  WelPs  College  Algebra.  Pro- 
gressions, binomial  theorem,  convergent  and  divergent 
series,  undetermined  coefficients,  logarithms,  permutations 
and  combinations,  summation  of  series,  determinants,  the- 
ory of  equations,  solution  of  higher  equations.  [Required 
of  mechanical  sophomores.] 

IX.  Trigonometry.  Well's  New  Trigonometry.  The  de- 
velopment of  the  general  formulae  and  their  application  to 
the  solution  of  triangles,  polygons,  and  original  field  prob- 
lems. [Required  of  agricultural  juniors  and  mechanical 
sophomores.]* 

X.  Analytical  Geometry.  Wentworth's  Analytical  Ge- 
ometi"y.  The  analytical  geometry  of  the  straight  line,  circle, 
and  conic  sections;  including  a  general  discussion  of  the 
general  equation  of  the  second  degree,  and  an  introduction 
to  the  geometry  of  three  dimensions.  [Required  of  mechan- 
ical juniore,  elective  for  agricultural  seiors.] 

XI.  XII.  Calculus.  Osborne's  Calculus.  Differentiation 
of  functions,  successive  differentiation,  indeterminate  forms, 
development  of  functions  in  series,  maxima  and  minima, 
functions  of  two  or  more  variables,  tangents,  normals, 
asymptotes,  direction  of  curvature,  singular  points,  curve 
tracing,  evolutes,  envelopes,  and  order  of  contact.  Integra- 
tion, application  to  geometry  and  mechanics,  successive  in- 
tegration, integration  of  rational  fractions,  integration  by 
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ratioDalizatiou,  by  parts  aud  by  series,  lengths  and  areas  of 
plane  curves,  areas  of  surfaces  of  revolution,  aud  volames  of 
solids.  [Itequired  of  mechanical  juniors,  elective  for  agri- 
cultural seniors.] 


The  aims  of  this  department  are  to  cultivate  in  the  stu- 
dent habits  of  thouf^htful  observation,  intelligent  and  rapid 
manipulation,  and  to  give  him  a  general  knowledge  of  natu- 
ral phenomena.  In  all  courses  the  subjects  are  studied  from 
the  experimental  side,  the  student  spending  at  least  one- 
half  of  the  time  allotted  to  the  work  in  the  laboratory  tinder 
the  direct  supervision  of  the  professor  in  charge. 

The  following  subjects  are  offered: 

I,  II,  III.  Elemenlary.  Carhart  and  Chute's  ElementB 
of  Physics;  .^lien's  I.aboratrjrj  Physics.  The  properties  of 
matter;  mechanics  of  solids  and  liquids.  Heat,  sound,  and 
light.    Magnetism  and  electricity.     [Required  of  freshmen.) 

IV,  V,  VI.  Qeneral.  Barker's  Physics,  Outlined  ex 
periments  with  reference  to  laboratory  manuals.  Physical 
quantities,  kinematics,  dynamics,  work  and  energy,  attrac 
tion  and  potential,  and  properties  of  matter.  Energy  ol 
mass  vibration,  molecular  kinetic  energy,  radiant  energy 
Energy  of  aetlier-stress,  energy  of  aether-vortices,  energj"  ol 
aether-flow,  and  the  electromagnetic  character  of  radiation 
[Required  of  mechanical  juniors  and  elective  for  agricul 
tural  seniors.] 

VII.  Klectric  Measurements.  Measurements  of  resist 
ances,  calibration  of  amperemeters  and  voltmeters,  calcula 
tion  of  the  electromotive  force  of  batteries  and  dynamoe 
magnetic  determinations,  heating  effect  of  currents,  ett 
[Elective  for  afiricnltural  seniors.] 
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e  aim  of  the  inBtmction  in  tbis  department  ia  to  give 
dent  a  thorough  insiglit  into  the  general  priDciple« 
ng  prime  movers  and  mechanical  movements,  and 
itance  with  the  methods  in  which  these  principles 
applied  and  combined  in  order  to  produce  the  desired 
Q  all  branches  of  engineering.  Instruction  is  also 
I  subjects  which  are  rather  more  technical  than  theo- 
and  the  application  of  theory  to  practice  is  never 
ht  of.  The  work  is  fully  illustrated  by  frequent  ref- 
:o  the  engineering  and  mechanical  equipment  of  the 
ity  and  other  available  sources. 
?  following  subjects  are  required  of  mechanical  sta- 

I.  Founding.  Lectures  on  core  making,  loam,  dry 
en  sand  moulding;  cast  iron;  flasks,  facing,  flniahing, 
loOD  preparing,  charging,  tapping  out,  and  stopping 
upola.    [Required  of  mechanical  freshmen.] 

Iron  Working  Machines.  Joshua  Rose's  Complete 
al  Machinist.  Study  of  the  use  and  care  of  iron  ma- 
,  particularly  the  lathe;  speed  of  different  parts; 
utting,  turning  eccentrics,  taps  and  dies;  fitting  con- 
rods;  pumps,  etc,  [Required  of  mechanical  juniors; 
n;  five  times  a  week.] 

Elements  of  Mechanism.  Stahl  and  Woods'  Ele; 
V  Mechanism.  Study  of  the  elementary  principles 
ing  mechanical  movements  and  the  modes  of  com- 
ting  motion.  [Required  of  mechanical  juniors;  win- 
i;  five  times  a  week.] 

Steam  BoilerB.  A  Treatise  on  Steam  Boilers,  by 
and  Flather.  A  general  study  of  the  different  forms 
ern  steam  boilers,  their  construction,  advantages, 
advantages.  [Retjuired  of  mechanical  seniors;  fall 
ve  times  a  week.] 

Steam  Engines.  The  Steam  Engine,  by  Holmes.  The 
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mechaniBm  and  principles  brought  into  use  in  the  design  of 
the  modern  ateam  engine.  Gidding'e  adjustable  model  for 
universal  valve  movements  is  used  in  the  class  room.  Cart 
f  ul  study  is  also  made  of  working  engines.  [Required  of  me 
chanical  seniors;  fall  term;  five  times  a  week,] 

VII.  Steam  Engine  Indicators.  The  Slide  Valve,  bt 
Rose,  and  Hemenway's  Steam  Engine  Indicators.  As  manv 
different  engines  are  tested  as  time  will  permit,  [Required 
of  mechanical  seniors;  winter  term;  five  times  a  week.] 

VIII.  Engineering  Materials.  Merriman's  Mechanics  oi 
Materials.  Theory  of  resistance  of  different  materials,  and 
study  of  those  principally  used  in  engineering,  especiailj 
brick,  stone,  timber,  iron,  and  steel.  [Required  of  niecbani' 
cal  seniors;  winter  term;  five  times  a  week.] 

IX.  Hydraulics.  A  Treatise  on  Hydraulics,  by  Merri 
man.  The  flow  of  witter  through  tubes,  in  pipes,  canals 
rivers,  and  over  weirs;  measurement  of  water  power  and 
pressure  of  flowing  wiiter.  [Required  of  mechanical  seniors 
spring  term;  five  times  a  week.] 

X.  Tliermodynnviicx  of  Gawa.  \  study  of  the  proper 
ties  of  gnses,  saturated  vapor,  and  superheated  steam,  ant 
their  application  to  the  steam  engine.  [Elective  for  me 
chanical  seniors;  spring  term;  five  limes  a  week.] 

DRAWIirO. 

The  aim  of  the  department  of  drawing  is  to  develop  aoi 
quicken  the  ability  of  observation  and  to  follow  a»  closely  a 
possible  the  line  of  work  done  in  the  practical  draftin: 
rooms  of  machine  shops. 

The  following  subjects  are  required: 

I.  Freehand  Prairing.  Drawing  from  models  and  co| 
ie»,  with  which  Ihe  department  is  well  supplied.  [Require 
of  agricultural  freshmen,  amj  of  mechanical  preparatory  sti 
de»tH.y 

II.  Freehand  Drairing.     Sketching  parts  of  machine 
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to  be  nsed  in  instrumental  drawing.     [Required  of  agricul- 
tural fresmen,  and  of  mechanical  preparatory  students.] 

III.  Use  of  Instruments.  A  short  course  in  straight  and 
curved  lines  and  lettering.  [Required  of  agricultural  fresh- 
men and  of  mechanical  freshmen.] 

IV.  Oeometrical  Constructions,  Geometrical  problems 
used  in  instrumental  drawing.  [Required  of  mechanical 
freshmen.] 

V.  Descriptive  Qeometry,  An  elementary  course  in  pro- 
jection.    [Required  of  mechanical  freshmen.] 

^'I,  VII.  Instrumental  Drawing,  Detailed  copies  of 
parts  of  machines.  Drawing  to  scale  of  parts  of  machines 
from  sketches  taken  in  the  shops  by  the  students.  [Re- 
quired of  mechanical  sophomores.] 

VIII,  IX.  Shades  and  Engineering  Colors.  Drawing  and 
tinting  machines  and  parts  of  machines.  [Required  of  me- 
chanical sophomores  and  juniors.] 

X.  Parts  of  Machines,  Designing  gears,  cams,  and 
parts  of  machines  which  apply  to  the  study  of  Mechanics  II. 
[Required  of  mechanical  juniors.] 

XI.  Blue  Prints.  Tracing  and  making  drawings  to  be 
used  in  the  shops.    [Required  of  mechanical  juniors.']" 

XII.  Machine  Designing.  Designing  a  boiler  or  some 
simple  machines;  the  design  to  be  as  original  as  possible. 
[Required  of  mechanical  seniors.] 

XIII.  Steam  Engine  Drawing,  This  subject  is  to  accom- 
pany the  work  in  Mechanics  V  and  VI.  [Required  of  me- 
chanical seniors.] 


INDUSTRIALS. 

• 

This  department  is  intended  to  simplify  mechanical  en- 
gineering by  teaching  practical  work  in  connection  with  the 
theory.  It  arms  also  to  present  the  practical  side  of  produc- 
tion by  running  the  machine  shops  as  nearly  as  possible  on 
the  principle  of  actual  manufacturing  establishments. 


Wyoming  Agricultural  College. 


I,  II.  Wood  Working,  Lectures  on  tbe  care  and  manage- 
ment of  carpenters'  tools;  exeroist^s  in  lining,  planing,  baw- 
int;.  notching,  splicing,  mortising,  and  tenoning.  B<^iifh 
work  in  wood;  exen-ises  in  dovetailing,  framing,  panelin)[, 
and  spefial  work  for  the  department.  [RtKjuired  of  agricul- 
tural and  mechanical  pi-eparatory  Htndents.^ 

III.  Wood  Turning.  Exercises  in  straight  and  curved 
turning,  tamponnd  curves,  etc.  [Required  of  agriculiural 
and  lut-chanical  preparatory  students.] 

IV.  PfiUcni  Making.  A  large  variety  of  patterns,  in- 
cluding parts  of  machines,  are  made  for  use  in  the  foundry. 
[KfHinired  of  ine<'hanical  freshmen.]' 

V.  VI.  Foundry  Practice.  Exercises  in  moulding,  pour 
ing,  charging  and  managing  the  cupola.  The  castingH  ob- 
tained are  used  by  the  students  in  the  machine  room.  [Re 
quired  of  mechanical  freshmen.] 

VII.  Iron  Work.  Exercises  in  filing  and  chipping,  ioi 
the  use  of  the  drill  press,  [Itequired  of  mechanical  sopho 
iuores.] 

VIII.  Iron  Planing.  Exercises  and  special  work,  [Re 
quired  of  mechanical  sophomores.] 

IX.  The  Engine  Lathe.  An  elementary  couroe;  taper 
ing,  screw  cutting,  etc.  [Required  of  mechanical  sopbo 
mores.] 

X.  The  Engine  Lathe,  .■idranced.  Special  work;  turnini 
up  parts  of  machines,  and  work  for  the  department.  [R« 
quired  of  mechanical  juniors.]' 

XI.  Milling.  Exercises  in  milling,  sawing,  gear  cut 
ting,  spiral  cutting,  and  work  on  parts  of  machines.  [B( 
quired  of  mechani<'al  juniors.] 

XII.  Engineering  Laboratory.  Testing  the  efficiency  o 
boilers,  and  inspection  visits.  [Required  of  mechanical  ji 
niors.] 

XIII.  Engineering  Laboratory.  Testing  steam  enginei 
learning  the  principles  and  operation  of  the  steam  engin 
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)r  and  rigging;  inspection  visits.  [Required  of  me- 
1  seniors.] 

V.  Shop  Engineering.  General  work  in  shop  man- 
t,  lining  shaftings,  and  setting  machines;  inspection 
[Required  of  mechanical  seniors.] 

Experimental  Laboratory.  A  thesis  is  produced  in 
ion  with  experimental  work.'  [Required  of  mech- 
eniors.]' 

K;ial  subjects  of  experiment  are  arranged  for  those 
ve  taken  the  baccalaureate  of  science  in  mechanics 
h  to  take  graduate  work. 

mUTART  SOIENOE  AND  TACTICS. 

;  department  of  Military  Science  and  Tactics  is  es- 
d  in  accordance  with  the  requirements  of  an  act  of 
IS  donating  public  lands  to  colleges,  one  of  the  con- 
being  that  military  tactics  shall  be  taught.  It  is 
le  control  of  an  officer  of  the  regular  army,  detailed 
t'ar  Department  for  its  duty,  without  any  expense  to 
te,  under  the  provisions  of  Section  1225,  Revised 
i  of  the  United  States.  One  hundred  and  fifty 
eld  rifles  (cadet  pattern;  similar  to  those  used  at 
oint)  and  equipments,  and  <'anon  and  sabres  for 
■  and  cavalry  practice,  are  loaned  to  the  college  by 
i.  Ordnance  Department.  An  allowance  of  ammu- 
)  annually  supplied  by  the  general  government  for 
H  of  target  practice.  All  students  arc  required  to 
oDghout  the  year.  The  cadet  officers  are  appointed 
ommandant  of  cadets,  subject  to  the  approval  of  the 
it.  The  commissioned  officers  are  usually  selected 
e  senior  class,  the  sei^eants  from  the  junior  class, 
corporals  from  the  sophomore  class,  general  merit 
Italy  efficiency  being  the  qualifications  considered. 
ides  obtaining  the  excellent  physical  results  which 
jBtematic  and  regular  military  training,  the  morale 
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of  the  BtudentB  will  thus  be  improved.  The  virtues  of  pi 
triotism,  lioDor,  and  trutlifulDeBfl  are  cultivated,  and  habit 
of  neatneBS,  promptDess,  and  obedienc*^  are  ineiHted  npoi 
Tbe  rules  preacribed  b.v  the  Preaident  of  the  Unite- 
States  for  tbe  government  of  oCBcera  of  tbe  army  detailed  a 
Professors  of  Military  Science  and  Tactics  require  tbe  fo 
lowing  course  of  instruction: 

1.  The  course  of  instruction  shall  be  both  practice 
and  theoretical,  and  shall  be  so  arranged  as  to  occupy  a 
least  one  hour  per  week  for  theoretical  instruction,  and  a 
least  two  hours  per  week  for  practical  instruction. 

2.  The  practical  course  iu  infantry  shall  embrac 
small-arm  target  practice,  and,  as  far  as  possible,  all  tii 
movements  prescribed  by  the  drill  regulations  of  the  Unite 
States  army  applicable  to  a  battalion.  Instruction  in  arti 
lery  shall  embrace,  as  far  as  practicable,  such  portions  < 
the  United  States  drill  regulations  as  pertain  to  the  forini 
tion  of  detachments,  manual  of  the  piece,  mechanical  mi 
neuvers,  aiming  drill,  saber  exercise,  and  target  practic 
Instnii-tion  should  also  include  the  duty  of  sentinels,  an 
where  practicable,  castrametation.  Such  instruction  sha 
be  given  by  the  Professor  of  Military  Science  and  Tncti( 
personally,  or  under  bis  immediate  supervision. 

3.  Theoretical  instruction  shall  be  by  recitations  an 
lectures  personally  conducted  and  given  by  the  Professc 
of  Military  Science  and  Tactics,  and  shall  include,  as  far  i 
practicable,  a  systematic  and  progressive  course  in  the  ft 
lowing  subjects:  The  drill  regulations  of  the  United  $tat< 
army,  the  preparation  of  the  UBual  reports  and  returns  p€ 
taining  to  a  company,  the  organization  and  adminiBtrati< 
of  the  United  States  army,  and  the  elementary  principl 
governing  in  the  art  of  war. 

The  military  department  shall  be  subject  to  inspeetii 
under  the  authority  of  the  Presidenf  of  the  United  State 
such  iuBpection  shall  be  made,  when  practicable,  near  tl 
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the  college  year.  The  inspecting  officer  ehall,  apon 
val  at  the  institution,  report  to  the  President  or 
Itninietrative  officer  in  order  to  obtain  from  bim  the 
ry  facilities  for  the  performance  of  his  duty.  A  copy 
eport  of  inspection  will  be  fumisbed  the  President 
istitution  by  the  War  Department, 
itary  drill  has  become  a  feature  of  all  the  courseB  in 
versity  and  it  is  required  that  aU  students  appear  at 
1  in  uniform.  Students  are  advised  to  come  to  the 
without  specially  providing  themselves  with  new 
and  to  arrange  to  wear  the  cadet  uniform  habitually 
:  college. 
•  cost  of  the  uniform  is  aboat  f  18.00,    The  grade  of 

including  the  cap,  wears  well  and  proves  to  be 
cal. 

male  students  are  expected  to  provide  themselves 
iforms.  It  consists  of  a  blouse,  trousers,  and  cap, 
1  after  the  West  Point  uniform,  with  raised  gilt  but- 

COURSB  IN  MILITARY  SCIENCE. 

rtical. — Cadets  are  divided  into  two  classes,  First 
Year  and  Subsequent  Year  Cadets. 
all  cadets:  Practical  instruction  comprises  the 
schools  of  the  soldier,  sqaad,  and  company  in  nor- 
mal and  extended  order  (Infantry  Drill  Regula- 
tions), guard  mounting  and  guard  duty,  gallery  and 
range  target  practice. 

Subsequent  Year  Cadets:  In  addition  to  the  above 
comprises  artillery  drill,  saber  exercise,  and  mili- 
tary signaling  with  flag  and  heliograph, 

oretical. — Cadets  are  divided  into  four  classes.  The 
winter  term  is  especially  devoted  to  this  instruc- 
tion, which  includes  the  following: 

it  Tear  Cadets:  Infantry  Drill  Regulations,  includ- 
in  the  schools  of  the  soldier,  squad,  and  company, 
in  normal  and  extended  order. 

ond  Year  Cadets :    School  of  the  battalion  and  cere- 
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moniea  (Infantry  Drill  Regulations),  and  TJ.  S.  3Ia 

ual  of  Uuard  Duty, 
Freahinan    Class:      "Elements    of    Uilitary    ScieDo: 

Pettit. 
Sophomore  ClasB:     U.   S.  Army  Regulations,  must 

rolls  and  returns,  etc.,  Military  Law,   and  8ta 

Laws  relating  to  the  National  Guard. 
The  corps  of  cadets  has  this  year  been  divided  into  ti 
companiea,  with  the  commandant  acting  as  major.    Tl 
number  of  young  men  in  the  drill  has  been  seventy-Beven. 


THE  UBBART. 

The  library,  which  is  also  the  general  reading  room 
the  Uniyersity,  is  situated  on  the  second  floor,  in  the  nor 
wing  of  the  main  building.  This  is  a  large,  well-  lighted  ai 
ventilated  apartment.  The  college  students  use  this  roc 
during  vacant  hours  from  8:30  a.  m.  to  12  m.,  and  from  1 
3:15  p.  m. 

The  students  at  all  times  during  the  day,  for  five  da 
in  the  week,  have  free  access  to  all  the  hooka  and  perioi 
cals.  Three  volumes  may  be  taken  by  any  one  individi 
and  kept  from  the  shelves  for  a  period  of  two  weekes.  Boo 
reserved  at  the  instance  of  professors  ac  collateral  rea^i 
for  their  courses  are  shelved  in  their  respective  rooms,  a 
can  be  taken  out  only  on  application  to  sach  profeasors,  w 
are  responsible  for  them  during  the  period  of  their  reser 
tion. 

The  library  contains  7,1100  bound  Tolumes,  and  in  i 
dition  several  thousand  unbound  bulletins  and  reports 
agricultural  scientiflc  subjects. 

There  have  been  added  to  the  TJnivepsity  library,  d 
ing  the  flscal  year  1898-99,  800  hound  volumes  and  1,< 
pamphlets,  including  Experiment  Station  bulletinB  and  p 
lications  from  the  Department  of  Agriculture  at  Washi 
ton,  D.  C. 


Ninth  Annual  Report,  : 


e  following  agricultural  papers  and  Wyoming  news- 
are  sent  to  the  Unirereity: 
as —  MiBBOuri — 

ler.  National  Dairyman.   - 

lia —  Nebraska — 

Western  Kesonrceii. 
New  Hamsphire — 

Mirror  and  Farmer. 
New  Mexico — 

Southwestern    Farm   and 
Oiehard. 
New  York — 

American  Agrieulturiat. 

Hiiral  New  Yorker. 

Sugar  Trade  Journal. 
Ohio- 
American  Grange  Bulletin. 
Ontario- 
Farmers'  .\dvocate. 
PennsylTania — ' 

(lermantown  Telegraph. 

I'ubiic  Ledger,  daily. 
Virginia — 

Hon t hern  Planter. 

The  rrogressiTe  South. 
Washington — 

Northwest  MiningReview. 
Wisconsin — 

Hoard's  Dairyman. 
State  Papers — 

Bill  Barlow's  Budget. 

Boomerang. 

Parbon  County  Journal. 

Central  Wyoming  News. 

Cheyenne  Tribune. 

Fremont  County  Oazette. 

Laramie  Times. 

Newcastle  News- Journal, 

News  Register. 

Otto  Courier. 

Rock  Springs  Independent 

Rock  Springs  Miner, 
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Saratoga  Lyre. 
Kai-atoga  8un. 
Sheridan  Journal. 
Sheridan   Post. 


8un-Leader. 
Wheatland  World. 
^^'yo^ling  Press. 


The  st-ientiflc  and  general  periodicals  taken    by  tlie 
brary  and  kept  on  the  tablese  of  the  reading  room  are: 


Agricultural  Science. 

American  Gardening. 

American  Geologist. 

American  Historical  Review 

American  Journal  of  Mathe- 
matics. 

American  Journal  of  Science 

American  Machinist. 

American  Naturalist, 

Arena. 

Art  Interchange. 

Asa  Gray. 

Atlantic  Monthly. 

Auk. 

Berichte  der  Deutschcn 

i'hemischen  (JeBcllschaft. 
BiologiBches  Central-Blatt. 

Book  News. 

Botanical  Gaaette, 

Bulletin  of  the  Torrey  Bo- 
tanical Club. 
Carpenter  and  Builder. 
CasBier's  Magazine. 
Century, 
Cosmopolitan. 
Cumulative  Index. 
Die  Garten-laube. 
Education. 
Educational  Review. 
Electrical  World. 
Engineering  Magazine. 
Engineering  Record. 
Ervthea. 
Etude. 
Pern  Bulletin. 


Fliegende  Blaetter. 

Forum. 

Garden  and  Forest. 

German  ia. 

Great  Round  World. 

Harper's  Monthly. 

Harper's  Weekly. 

Home  Study. 

Journal  of  the  Society  of 

Chemical  Industry. 
Journal  of  the  American 

Chemical  Society. 
Journal  of  the  British 

Chemical  Society. 
Kunkel's  Musical  Review. 
Literary  Digest. 
Meehan's  Magazine. 
Metal  \\'orker. 
Microscope. 
Microscopical  Journal. 
Mining  and  Scientific  New 
Monist. 
Nation. 
Nature. 

N<trth  American  Review. 
Outlook. 

Philosophical  Review. 
Photographic  Times. 
Phvsical  Review, 
Plant  World. 
Political  Science  Monthlv 
Popular  Science  Monthly 
Power. 

Pcvcholoerioa!  Review. 
Public  Libraries. 
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My  Jouraal  of  Pure         Sociology', 
pplied  Mathematics         Rtudio. 

of  Reviews.  Ht.    Lonis    and    Canadian 

•  PilOtographer. 

Qc  American  andSap-      Terrestrial  Magnetiam. 
ent.  Young  Men's  Era. 

!r.  Westpm  Electrician, 

e  University  now  uses  the  Dewey  Decimal  Card  Cata- 
system,  and  in  addition  to  the  regular  cards  baa 
oming  from  the  Department  of  Agriculture  at  Wash- 

(roDtaining  a  complete  list  of  publications  sent  from 
partment  and  its  several  branches  in  connection  with 
perimeot  Station  work. 

TBEASUREB'B  REPOBT. 

UNIVERSITY  OF  WTOMINQ. 
AOEICULTURAL  COLLEQE. 

Laramie,  Wyoming,  June  30, 1899. 
port  of  treasurer  of  said  institution  to  the  governor 
State  of  Wyoming  of  amount  received  under  act  of 
88  of  August  .30,  1890,  in  aid  of  College  of  Agricul- 
d  the  Mechanic  Arts,  and  of  the  disbursements  there- 
nd  inchiding  June  30,  1899. 

on  hand  July  1.  1898 -..J  8,999.81 

receipt  of  Installment  for  189S-'99,  July  28,  1898 24.000.0) 

ttd  available  for  year  ending  June  30,  1899 132,999.81 

)lBbur8ement8  thereof  tor  and  during  the  year  ending 
June  30,  1899. 

ure  I  1.083.60 

c  Art8 2.829.37 

Language  ,- 3.128.60 

atlcal   Science    1,149.29 

or  Phyalcal  Sciences 8,816.21 

Ic  Sciences  3,503.41 

)tal  expended  during  tlie  year 120,510.48 

iJance  remaining  unexpended  July  1, 1899  tlii.489.33 

lereby  certify  that  the  above  account  is  correct  and 
id,  together  with  the  itemized  acocunt  attached,  t'oly 
nts  the  details  of  expenditures  for  the  period  and  by 
titution  named,  and  that  said  expenditures  were  ap- 
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plied  only  to  instnictioB  id  agriculture,  the  mechanic  am 
the  English  language,  and  the  various  branches  of  mathe 
matical,  phYsical,  natural,  and  economic  science,  with  gpe 
rial  reference  to  their  application  in  the  induBtries  o(  liff 
and  to  the  facilities  for  such  instruction, 

•)ohn  C.  Davis,  Treasurer. 


Courses  of  Study. 

AGRXCUI.TURAI,   COUBBE. 

ir  explanation  of  the  P.oman  numerals,  see  departm 
on  preceding  pages.  The  Arabic  numerals  Indicate  thi 
1  week.  Where  no  numeral  appears,  i  Is  understood, 
ratory,  shop  or  field  work  are  counted  as  equivalent 
latlon  or  lecture. 

PREPARATORY  YEAR. 


FALL  TERM. 

WINTER  TERM. 

SPRING  TERM. 

History.  I. 

SX'm-afic.  I. 
Physiography,  t. 
Industrials.  I. 

English!  II.' 
Mathematics,  IL 
Physiography   II. 
Industrials.  11. 

MSSC:  Bi; 

Mathematics,  in. 

Max  ■',,. 

FRESHMAN  YEAR. 


Physics,  t. 
MathematlcB,  IV. 
Drawing.  I,  1. 


Physics.  II. 

MathemallCB.  V. 
Drawing.  II.  i. 


Physlea,  III. 
Mathematics.  VI. 
Drawing.  Ill,  4. 


SOPHOMORE  YEAR. 


_..jmlBlry,  I, 
English.  XIII,  S. 
Agriculture,  1,  2. 


JhemlHlry,  11. 
Sngilsh.  XIV.  S. 


JUNIOR  YEAR. 


Chemistry.  VII. 


Chemistry.  XI. 


SENIOR  YEAR. 


I  English,  XX.  1 
Elective.  IE  ho 


Horticulture.  11. 1. 
Mathematics.  IX. 
Agriculture.  VI.  i. 
Meteorology,  I.  t 
Irrigation,  1,  S. 
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MBOHJjnOAI.  OOUKBE. 

explanation  of  the  Roman  numerals,  see  depanmental  state- 
1  precedlne  paKOS.  The  Arabic  numerals  Indicate  the  number  o( 
week.  Where  no  numeral  appears.  G  la  understood.  Two  hours 
Ltory,  shop  or  Held  work  are  counted  as  eoulvalent  to  one  hour 
tlon  or  lecture. 

PREPARATORY  TEAR. 


LL.  TERM. 

WINTER  TERM. 

SPRING  TERM. 

■Lia.  I. 

Mathematics,  II. 

ssr.a,iv 

History,  III. 
EnKllsh,  III. 
Malhemallcs.  III. 
Civil  Ooyemment. 
Industrials,  III. 

FRBSHUAN  TKAH. 

%^nl 
lis? W.  "°""'  ■ 

Mechanics,  I.  Z. 
French,     II,     or    Oar- 

I=,£i.,T. 

Physics.  III. 
Mathematics,  VI. 

lu'dSstrtalfl,  VI. 

Ger- 

SOPHOMORE  TEAR. 

VI. 

rv,     or     Oer- 

Drawing,  VII. 

French       V,     or     Oer- 

Cheml'stry.  II. 
Mathematics,  VIII. 

Chemistry',  III. 

0«r- 

JUNIOR  TEAR, 

■A 
it 

Physiology   and   Hygl. 
EnBllsh,  XII,  1. 

SENIOR  TEAR. 

Mechanics.  VII. 
Mechanics,      VI  II,      or 
Mathematics.  XIII. 

IndustrUls,  krV. 

Mechanics.  IX. 

"e^rtf<!s™-5w""'"'- 

ESlllsh,  XXI.  1. 
Infustrtals,  XV. 
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UNIVERSITY  OF  WYOMING. 

LARAMIE,  WYOMING. 


REPORT  OF  THE  PRBSIDBXT  OF  SAID  INSTITCTIOK  TO  THE 
SBCRKTAKV  OP  THB  INTBRIOH  AND  TRB  8BCRBTARY  OF 
ACRICtLTHRE,  AS  RBQI'IRBD  SV  ACT  OF  COKGRESS  OF 
AL'GIIBT  HO.  1H»0,  IN  AID  OF  COLLEGES  OP  ABRICI'LTIIRS 
AND  THB  HBCHAKIC  ARTS. 

RECEIPTS  FOR  AND  DURING  THB  YEAR  ENDING  JUNE 
'30.  1899. 

1.  Balance  on  hand  July  1,  1898,  over  and  above  all  Indebt- 

edness (excluding  tunded  debt,  It  any) |10,6g&8: 

2.  State  aid;   (a)  Income  from  endowment  granted  by  state 

(b)  Appropriation  for  current  expensea 7,581.4 

|c)  Appropriations  tor  building  or  for  other 
special  purposes  -. 

3.  Feder&I  a^I;  (a)  Income  from  land  grant,  act  of  July 

2,  1862 

(b)  Additional  endowment,  act  of  August 

30,  1890 24.OOO.0 

(c)  For  experiment  stations,  act  of  March 

2,   1887    15.0«.( 

4.  Fees  -r-l  all  other  sources 950J 

Total »68.5l».( 


Ninth  Annual  Report,  1899. 


tPENDITURES  FOR  AND  DURING  THE  YEAR  ENDED 

JUNE  30.  1899. 
lecessarilr  a  balance  sheet  as  compared  with  Divlslou  II  atove.) 
stnicUoD  In  the  subjects  specified  In  Sec.  1.  act  of  Au- 

BTiBt  30,   1890*    121,508.00 

Btruction  In  all  other  subjects,  If  any,  not  mentioned 

in  QueetioQ  1  of  this  aeries 4.100.00 

Iminlstratlve      eipenses      (President's,      Secretary's. 
Treasurer's  Ll'brarlan's  salary,  clerical  service,  fuel, 

light,  etOS   3.3O0.0O 

iperiment   Station    16,470.90 

Total 141,378.90 

PROPERTY.  YEAR  ENDED  JUNE  30,  1890. 

of  all  buildluKB,  (111,540;  of  otber  equipment,  (46,500. 

of  above  property  (an  estimate  only  is  expected)  not  used  for 
instruction  In  the  subjects  specified  In  section  1  of  act  of  Au- 
gtlst  30,  1890.  Buildings  (all  used):  ol  otber  equipment,  116,000. 
number  of  acres,  396;  acres  under  cultivation,  180;  acres  used 
tor  experiments,  180:  value  of  farm  lands,  (10,600;  amount  of 
all  endowment  funds,  none, 
er  of  bound  volumes,  June  30.  1899,  7,000;  pamphlets,  4,800. 

FACULTY  DURING  THE  TEAR  ENDED  JUNE  30.  1899. 
lege  of  Agriculture  and  Mechanic  Arts; 

Male.    Female. 

a)    Preparatory  classes   10  3 

ti)  Collegiate  and  special  Classes 10  3 

;c>  Total,  counting  none  twice 10  3 

mber  In  all  other  departments  (excepting  dupli- 

atee  3  1 

Dber  of  statt  of  Experiment  Station 6  1 

tie  answer  to  this  question  will  Include  not  only  the  amount  re- 
under  the  act  of  August  30.  189a  ("MorrHI  Acf).  but  also  all 
B  that  are  expended  for  the  subjecia  speclfled  In  thai  acl,  Irre- 
.  of  the  character  ot  the  rutids  the  amounts  may  be  drawn  from 
cultlon  fees,  or  endowment,  etc.) 
may  be  convenient  for  many  Inatltutlons  to  answer  2  and  3  as 
Btlon.    Cost  of  new  buildings  Is  given  under  Division  I. 


Wyoming  Agricultural  College. 


STUDENTS  DURING  THE  TEAR  ENDED  JUNE  30.  1899. 
Collegee  ot  Agriculture  and  Hechaalc  Ana: 

Hale.    Femftlt 

(a)  Preparatorr  clasees  10  1 

(b)  Collegiate  and  special  claasee IG  0 

(c)  Poet  graduate  courees 0  0 

Total,  counting  none  twice 25  1 

Number  In  all  other  departmentd 61  6S 

Number  of  atudentB  tbat  pursued  coureee  In  a^culture.  S;  me 
cbanlcal  engineering,  iG;  electrical  engineering,  0;  mining  en 
glneering,  10:  arcbUecture,  0:  housebold  economy,  0;  veter 
inary  eclence.  0;  military  tactics.  76.  (It  Is  not  expected  Uia 
the  sum  of  these  figures  will  equal  the  number  of  student 
given  above,) 
What  degrees  and  how  many  ol  each  kind  were  conferred  li 
1898-'99?  " 

On  men.  3  (M.  A..  I;  B,  8..  2.) 
On  women.  3  (6.  A,,  3.) 
What  and  how  many  honorary  degrees  were  conferred  In  lg9t 
'997    None. 

[Signed]    ELMER  E.  SHILEY, 

FroaidenL 
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ISSUED  JUNE  I,  1809. 


A.  E^E-VISION 


le  only  comprebeuBive  treatment  of  the  Western 
American  Phloxes  is  found  in  Dr.  Gray's  Beviaion 
th  American  Potemoniaceae,'  which  is  almost  ideuti- 
■eproduced  in  the  Synoptical  Flora.  The  eastern 
i  seem  to  have  received  more  attention,  and  are  ap- 
:ly  not  so  diltlcDlt  to  discriminate  as  the  western, 
have  long  been  in  need  of  careful  study.  Several 
}  as  constituted  by  Dr.  (Jray  have  been  aggregates, 
the  case  of  P.  Doiiglasii  the  greatest  cnnfusion  has 
led.  The  greater  abundance  of  material,  resulting 
■ecent  collections  in  the  west,  has  made  it  possible 
tmpt  a  more  consistent  disposition  of  such  composite 
}.  Since  some  work  has  been  done  of  late  in  this 
it  has  been  thought  that  it  might  be  of  value  to  sum- 
our  knowledge  of  the  western  Phloxes,  as  well  as  to 
1  critical  study  of  the  same. 

lis  revision  has  been  prepared  at  the  University  of 
ing,  and  is  based  principally  on  the  collection  of 
from  the  herbarium  of  the  Missouri  Botanical  Garden, 
at  in  the  herbarium  of  this  university.  Loan  of  speci- 
has  also  been  had  from  the  leading  herbaria  of  the 
In  all,  about  six  hiiudred  species  have  been  exain- 
For  loan  of  herbarium  specimens  I  am  much  in- 
to Dr.  Wm,  Trelease;  C.  V.  Piper,  Wasliingtin  .\gri- 
il^CoIlege;  Alice  Eastwood,  California  Academy  of 
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Bciences;  C.  S.  Crandall,  Agricultural  College,  Ft.  Collins, 
Colo.;  J.  W.  Blaukiaaliip,  Agricultural  College,  Bozeman, 
Mout.;  U.  P.  Hedrick,  Utah  Agrirultural  ColleKe;  ami 
Francis  Ramelv,  University  of  Colorado.  Specimens  for  the 
herbartam  of  the  Univfjrsitj  of  Wyoming  have  been  secured 
from  J,  W,  Blankinship;  L.  F.  Henderson.  University  of 
Idaho;  M.  E.  Jones,  Salt  Lake  City,  Utah,  and  J.  M.  Bates, 
Long  Pine,  Neb.  My  hearty  ttiaiika  are  also  tendered  to  Di-. 
B.  L.  Robinson  for  his  kindness  in  furnishing  me  with  facts 
in  regard  to  several  questions  of  importance.  Above  all,  I 
owe  much  to  Prof.  Aven  Nelson,  who  has  spared  no  pains  to 
make  this  revision  possible,  and  whose  constant  encourage- 
ment has  been  greatly  appreciated. 

With  the  exception  of  one  species,  P.  SUbcrica,  which  is 
also  found  in  the  Arctic  region  of  this  continent,  this  genas 
is  exclusively  North  .\merican.  Twelve  species  are  foand  in 
eastern  North  America,  while  the  western  part  has  thirtv- 
eight.  only  three  of  which  extend  as  far  east  as  Nebraska. 
About  twelve  of  these  thirty-eight  are  peculiar  to  the  Rocky 
Mountain  region,  and  six  have  Washington  as  their  center 
of  distribution.  Of  the  latter,  P.  ibienri'oUit  merges  into  P. 
loiif/ifolia  toward  the  east,  and  that  in  turn  into  P.  Starts- 
biiri/i  further  south.  S^imilarly  P.  speciusn,  belonging  to  the 
region  drained  by  the  (^'olumbia  River,  in  replaced  by  P. 
onifleiiMis  in  California  and  in  Arizona  by  P.  Woodhotiaei. 
P.  a^ain-gens  is  a  native  of  Oregon  and  uorthein  California, 
and  P.  dolicauiha  and  P.  CoriUH  are  found  in  Southern  Cali- 
fornia. P.tetiuifoUa  and  P.WnrMintnei  are  peculiar  to  Arizona. 
P.  caiirsccne,  P.  avstromnnlnna  and  P.  gladifonnis  belong 
principally  to  the  Great  Basin,  with  Utah  as  their  center  of 
distribution.  P.  nava  and  P.  triovulata  are  peculiar  to  New 
Mexico,  and  Texas  is  remarkable  for  having  four  species 
of  annuals. 

Descriptions  have  not  been  prepared  of  those  species 
whose  identity  is  well  known,  nor  of  those  which  have  been 
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itly  named.  Since  the  genus  is  not  here  treated  of  as 
ole,  no  attempt  has  been  made  to  assign  subgeneric 
8  to  the  groups  which  this  revision  covers.  P.  Bichard- 
of  the  Arctic  sea  coast  and  P.  ahjssifoUa*  of  Assiniboia 
ot  included  in  the  following  synopsis,  since  specimens 
?se  species  have  not  been  at  hand. 


KEY  TO  THE  SPECIES. 


iRENNIALS;  calyx  teeth  not  eetaceous-tlpped. 
nate-caeapltose  to  IoomI;  caeEpitose;  the  aiyle  ububIIj  much 
orter  than  the  corolla  tube  and  nearly  always  ebor.er  than  th<> 
lyx. 

costal  portiona  of  the  calyx  not  replicate, 
'lowers  solitary,  the  annual  growth  one-flowered, 
leaves  beset  with  woolly  cobwebby  halre. 
Densely  arachnold-lanate;   leaves  Bcale-like,  ovate  to  lance- 
olate, mnch  Imbricated  and  crowded. 

Leavea  uBually  4-ranked;   corolla  tube  about  twice  the 
length  ol  the  calyx.  P.  bryoides. 

Leaves  not  quadrlfarloua;  corolla  tube  not  eiceedlng  the 
calyx.  P.  muacoldea. 

.  Spareely    arachnold-lanate;    leaves    anbulate,    uaually    dis- 
tinctly blautcate,  less  crowded. 

Corolla  tube  about  twice  the  length  of  the  calyx. 


Corolla  tube  little  If  at  all  exceeding  the  calyx. 

P.  HoodU. 
[{Leavea  not  beaet  with  woolly  cobwebby  halra. 
Leavea  hlapld'Clllate  and  otten  with  short  g'andular-tlpped 

b.  Leaves    hlapld-Glllafe  on  the  mar^ns;  the  latter  not  notice- 
ably thlckened-cartilaginous. 
Leaves  oblonK-llaear,  -  bisulcate,  5-6  mm.  long. 

P.  condensata. 

Kcnc  Rtl-jTiKiS^S). 
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Leaves  lanceolate,  oblong-linear  or  Unce-llnear.  uauatly 
plane  or  aomewhat  grooved,  8-14  mm.  long. 

P.  caespltosa. 
bb.  Surface  of  tbe  leaves  often  bUpld-cillate  as  well  as  tbe 
margliiB;   the  latter  thickened- cartllaginoua. 
Leaves    crowded,    oblong    to    ovate,    3-6    mm.    long: 
flowers  sessile.  P.  CoviUel. 

Stems  25-75  mm.  hlgb,  tbe  Intemodes  longer  th&n  tbe 
leaves;  In  tbe  vaiietj'  minor  tbe  leaves  are  approxi- 
mated and  crowded  and  tbe  Oowera  peduncled. 

P.  albomargtnta. 
aa.  Sparsely  lanate-clUate  on  the  calyx  and  usually  at  tbe  base 
of  tbe  leaves. 
b.  Not  glandular. 

A  pair  of  plane,  oblonj-llnear  leavea  at  each  node  wlib 

aceroae  ones  In  their  axUa;  style  nearly  equalling  tbe 

corrola  tube.  P.  dlffosa. 

Xxiosely  caespltoBs -spreading;   leavea  all  acerose:   style 

about  half  the  length  of  the  corolla  tube. 

P.  DouslasIL 
bb.  Glandular. 

Stems  erect  or  ascending;  these  as  well  as  the  acerose 
leaves  sparsely  covered  wltb  short  fine  glandular- 
tipped  hairs.  P.  Plperi. 
aaa.  Pubescent  on  the  peduncles  and  calyx  or  entirely  glabrotu 
P.  mnltiaora. 
ttFlowers  not  solitary,  tbe  annual  stems  1-seveial  flowered, 
IILeaves  wltb  thickened  cartUaginoaa  margins. 

P.  albomsrgiaata. 
II  IJLeavea  not  wltb  thickened  cartilaginous  margins. 

Loosely  caeapltose-spreadlng:  sparsely  lanatii-clllate  on 
the  calyx  and  at  tbe  base  of  the  leaves:  the  latter 
acerose.  P.  I>ougUHli. 

Stems  erect,  from  a  rbliome;  very  snaiaely  lannte;  leaves 
subulate,  somewhat  blsulcale,  tbe  larger  onC'^  often 
plane.  P.  andlcola. 

Very  loosely  caespltose-Bpreading  with  prostrate  stems: 
pubescent,  hlisute  or  glabroui,  rarely  gUndular; 
leaves  lanceolate  or  lance-Unear,  plane. 

P.  KelserL 
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ercoEtal  portlone  of  the  caljni  replicate. 

CanesceDt-pubescent  or  glabrate;  corolla  tube  glabrous. 
P.  auBtromontana, 
Glandular  throughout,  corolla  tube  pubescent. 

P.  gtadlformla 
■eely  tufted,  anlErutescciit  or  near!}'  herbaceoue,  with  erect  or 
Beursent  ateias  and  uffaaUy  distant  leaves. 

i  long,  equalling  the  corolla  tube  or  at  least  longer  than  the 
rary  or  stigmas. 
I^orolla  tube  glahrouH. 
Style  exceeding  the  calyx. 
Glabrous  or  pubescent,  but  not  glandu'ar. 
b.  Flowers  nodding.  P.  cemui. 

bb.  Flowers  not  nodding. 

Glabrous    n  finely  pubescent:    leaves  linear.  2-3  mm. 
wide.  P.  lOQgifolln. 

Roughish  pubeBcent  throushont;  leaves  fiicklsh.  2-3  mm. 
wide.  P.  Stansburyf 

Glabrous  or  somewhat  roughish  pubescant;    leaves  nar- 
rowly linear,  1-1.6  mm.  wide.  P.  Ilnearlfcla. 
I  More  or  less  glandular,  at  least  above. 

b.  About  G  dm.  high.  P.  tenuIfo'lT 

bb.  Lees  than  2  dm.  high. 

c.  Corolla  tube  lese  than  twice  the  length  of  the  calyx. 
Viscid -pubescent     above;     leavee     erect,     narriwly 
linear.  I  mm.  wide.  P.  vlrlda. 

Viscid- pubescent  throughout:    leaves  linear,  acum- 
inate, erect,  2-4  mm.  wide.  P.  vlsclda 
Glandular-puberulent;     leaves     usually     spreading, 
linear,  acute  or  bluntieh  at  apex,  1-2  mm  wide. 
P.  longifolla  puberula. 
cc.  Corolla  tube  twice  the  length  of  the  calyx. 

Roughish -pubescent     throughout     and     glandular: 
leaves  linear,  thlcklsh,  2-3  mm.  wide. 

P.  Stansburyl, 
Leaves  ovate,  narrowly  oblong  or  lanceolate. 

P.  Stansburyl  brevlfolia. 
ccc.  Corolla  tube  3-4  times  the  length  of  the  calyx. 

P.  dollcantha. 
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II  IJStyle  not  exceeding  the  calyx. 

Coarsely  hirsute  throughout;  leaves  thick  and  rigid,  ovate 
to  lanceolate,  about  2  coo.  long.  P.  hirauta. 

tlCoroIla  tube  allghtlr  pubescent. 

LeaTes  ovate,  thin  and  gtabroua.  P.  adsurgens. 

ttStyle  not  longer  than  the  ovary  or  Btlgmas. 
tOvuIes  solitary  in  each  cell. 
||Upper  leaves  on  flowering  stems  dilated  at  base. 

Stems  Blender;  leaves  linear;  flowers  In  lax  csrymboH 

clusters.  P.  speclMii 

Stems  short  and  stout;  leaves  rigid,  lanceolate;  flowers 

In  congested  corymbose  clusters.  P.  lanceolata. 

II  ||Upper  leaves  on  flowering  stems  not  dilated  at  base. 

1-3  dm.  high;  leaves  lanceolate  to  linear,  3-G  cm.  long. 

P.  occidentalls. 

6-10  cm.  high;  leaves  oblong  to  oblong-linear,  1-4  cm. 

long.  P.  Woodhousei. 

ttOvules  2-3  in  each  cell. 

Stems  slender,  usually  simple;  leaves  narrow,  1-3  mm. 

wide.  P.  Irlovulats 

Stems  freely  branched;  leaves  S-4  mm.  vide.      P.  nans. 

3.    ANNUALS;  calyx  teeth  setaceous-tipped. 

•Leaves  of  flrm  texture,  nearly  all  opposite.  P.  aspera. 

'■Leaves  thin,  mostly  alternate. 

■fCorolla  tube  pubescent,  exceedingly  the  calyx. 

Stems  1-4  dm.  long;    leaves  broadest  at  base;   corolla 

lobes  about  1  cm.  long.  P.  DrummondiL 

Stems  5-10  cm.   long;    leaves  rather  narrow  at   base; 

corolla  lobes  about  G  mm.  long.  P.  tennis. 

ttCorolla  tube  glabrous,  not  exceeding  the  calyx.  P.  RoemwianL 


SYNOPSIS  OF  THE  SPECIES. 


Tlnate-caeepltoBe  or  loosely  c&eflpltoae  perennials,  otten  wltl 
auaj  Htemq,  ieveral  cm.  high;  leaves  approilma-ed  and  often 
ibrlcated,  sOBrlonB-ooiuiate,  the  old  oaea  marceacent;  flowers 
■r  ahort-peduDcled.  ueuajly  aolitary:  corolla  tube  aomewhat 
iar  the  base  within  (the  hairs  wanting  apparently  in  P. 
style  more  or  less  shorter  than  the  corolla  tube;  ovules 
In  each  cell. 
ves  more  or  less  beset  with  woolly  cobwAby  hairs. 

>  lanceolate,  much  Imbricated,  rathei 


OIDES  Nntt.  PI.  Gamb.  in  Jonrn.  Acad.  Nat.  Sci. 

ser.  2,  1:153  (1848).    Gray,  Proc  Am.  Acad.  8:253. 

Graj,  Syn.  PI.  2:132. 

■m  central  Wyoming  to  Utah  and  Oolorada.  Type 
;  "dividing  ridge  of  tbe  Rocky  Moantaing"  in  Bonth- 
aming  (about  lat.  42  degreee). 
e  typical  forms  have  strictly  4-ranked  acale-like 
but  in  luxnriant  plants  the  leaves  are  much  longer 
■  qnadrifarions  character  entirely  lost.  In  gnch 
:  approaches  very  near  to  P.  mitscoides  from  which 
Iways  be  separated  by  its  longer  corolla  tube, 
mens  examined:  Wyoming;  Henry  Engelminn,  "Moun- 
r  Sweetwater"  River,  1888;  C.  C.  Parry,  No.  230,  High  ground 
lastern  rim  of  Green  R,  Basin,  alt.  7000  ft.,"  1873;  B.  C.  Buf- 
fer Creek,  1892;  Ayen  Nelson,  Nos.  67  (Laramie  HUla,  1894), 
'amle  Plains,  1895,  the  usual  form  with  corolla  lobes  3  mm. 
30a  (Green  RWer,  1897),  4313  (Laramie  Hills,  1898)  and 
ler,  1898,  corolla  lobes  6  mm.  long):  Southern  Utah;  A.  L. 
I.  5,  1874:  Colorado;  T.  3.  Brandegee,  Canon  City,  1871, 
ngre  de  Cristo  Mts.,  1874. 
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P.  MU8COIDE8  Nutt,  Journ.  Acad.  Phila.  8:42,  t.  6,  fl| 
2(1834).    Graj,  Proc.  Am.  Acad.  8:253.    Gray,  Byi 
PI.  2:132. 
Type  locality;  "Rocky  Mountains  at  the  Bonrces  of  tti 
Missouri  River,"  western  Montana. 

specimens  examined:  Montana;  Hra.  C.  H.  Moore,  Bntte,  18S: 
F.  D.  Keleey,  "Very  abundant  in  Deer  Lodge  Co.  N.  E.  o(  Helena 
ISSl;   W.  T.  Shaw,  Deer  Lodge,  Bozemaa,  1S92. 

tttieaves  less  crowded,  subulate,  usually  distinctly  bisolot 
sparsely  arachnold'lanate,  or  with  only  a  tew  hairs  at  base. 

P.  CANE8CENS  T.  &  G.,  Paclf.  H.  Rep.  2:122,  t.  «  (IMS). 
Densely  caespitoBe;  lanate  and  somewhat  canescent,  t 
least  when  young;  leaves  subulate,  pungent,  somewhj 
granuJar-roughened,  at  length  recurved-apreading,  6-10  mi 
long;  corolla  white  (tnbe  "yellow"),  the  tube  somewhi 
hairy  at  base  within,  twice  the  length  of  the  calyx  i 
nearly  so,  the  lobes  broadly  obovate  to  rotand,  nsDally  e 
tire,  about  5  mm.  long;  style  less  than  half  the  length  of  tl 
coroJla  tube.  Western  Colorado  to  California.  Tyi 
loi-ality;  "On  the  Cedar  Mountains,  south  of  Qr^it  S« 
Lake,"  I'tah. 

Specimens  examined:  Utah;  L.  F.  Ward,  Mass  Valley;  M. 
Jones,  No.  1G98,  Dog  Valley,  1880.  Terminus  near  Salt  Lake,  IS 
Summit,  Owen's  Valley,  1897:  California;  Hra.  C.  C.  Bruce,  No.  » 
Warner  Mts.,  1898:  Colorado;  T.  S.  Brandegee,  near  ML  Carbon,  I 
Mta.,  1S81. 

P.  HOODII  Rich.  Frankl.  Journ.  Appx.  t.  28  (1823). 

Densely  tufted  and  much  branched  from  a  somewt 
woody  root;  sparsely  lanate;  leaves  subulate,  apicula 
with  broader  clasping  bases,  4-10  mm.  long;  calyx  5-7  m 
long,  the  teeth  like  the  leaves,  the  thickened  central  p 
tion  of  the  latter  produced  into  strong  ribs  on  the  ti 
below;  corolla  white,  the  tube  equalling  or  somewhat 
ceeding  the  calyx,  the  lobes  obovate,  entire  or  macrons 
about  5  mm,  long.  -Flowering  early  in  the  spring,  on  ■ 
plains  and  foothills  from  Saskatchewan  to  Montana  t 
Wyoming. 
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Dr.  Gra;  noted  (Byn.  Fl.  2 :132),  Uiis  seems  to  pass 
nine8ceN«.  It  is  apparent,  however,  that  many  forms, 
lly  from  Montana,  have  been  referred  to  the  latter 
Qore  proper);  belong  to  this  species. 
ImcDB  examined:  Aaslnlbola;  John  Macoun,  1894:  Hontanft; 
Qderaon,  Qreat  Falls,  igSG:  J.  W.  Blanklnahlp,  Custer,  1890; 
illlama.  No.  8S1,  Great  Falls,  1892;  Hra.  J.  J.  Ktnii«dy,  Mla- 
.:  Wromlagi  C.  C.  Parry,  No.  831,  "Upper  Valley  of  Green 
T). 

)n  OLABBATA  n.  vai. 

ibrous  except  for  a  few  lanate  hairs  on  the  cajyi  and 

ase  of  the  leaves;  the  latter  granular-roughened  and 

peener  than  in  the  species;  calyx  teeth  short;  corolla 

ghtly  exceeding  the  calyx- 

8  variety  takes  the  place  of  the  species  on  the  plains 

thills  of  Eastern  Wyoming.    On  account  of  its  green, 

i  leaves  it  has  usually  passed  as  P.  caespitota.    It  has 

r    none   of   the   pubescence   characteristic   of   that 

species  while  what  little  it  has  is  like  that  of  P. 

imenB  examined:  Wyomlne;  Dr.  F.  V.  Hayden,  "Deer 
)0  mllea  above  Ft.  Laramie,"  1860;  B.  L.  Greeae,  Cheyenne, 
eled  P.  Douglasll);  Geo.  EnKelmanii,  Sherman,  1880;  B.C. 
l.arsmle.  1S91;  Aven  NelBon.  Laramie,  1892;  J.  Schneck, 
;ction,  1893;  Aven  Nelson,  Nob.  8  (1894,  the  type.  In  Herb. 
Wyo.),  1892  (1S96)  and  2864  (189T),  Laramie:  Montana;  J.  U. 
:.  Robinson.  1897:     Colorado;   North  Park,  1897. 

[COLA  (Britt.)  n.  sp. 
P.  Douglasii  car.  longifolia  A.Gray,  Proc.  ,\m.  Acad, 
8 :254  (1870).  P.  Dnuglasii  var.  amlicola  Britt.  Meiu. 
Torr.  Club,  5T2fi9  (1894). 
ms  from  a  rhizome,  usually  erect,  often  branched 
urface  of  the  ground  and  with  opposite  branches  at 
les,  white,  the  bark  exfoiiating  with  age  in  thin 
5-10  cm.  high;  sparsely  lanate  on  the  calyx  and  bases 
eaves,  the  stems  granular-pnbescent  and  somewhat 
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glaodular;  leaves  aceroee  or  sublate  or  the  larger  plaii 
often  somewhat  bisalcate,  pungent,  1-2  cm.  long;  flowei 
eesBile  or  on  peduncles  2  mm.  long;  calyx  teeth  as  long  i 
the  tube,  pungent;  corolla  white,  the  tube  somewhat  hair 
near  the  haee  within,  one  and  a  half  times  the  length  of  tb 
calyx,  the  lobes  broadly  ohovate,  6-7  mm.  long;  style  aboi 
the  length  of  the  calyx.  On  the  plains  east  of  the  Rock 
Mountains-,  from  Montana  to  Western  Nebraska  an 
Eastern  Wyoming.  The  range  given  by  Dr.  Gray  at  pla< 
of  original  publication  is,  "east  of  the  Bocky  Mountains  ao 
in  Utah." 

In  1870  Dr.  Gray  described  P.  Douglasii  var  longifoli 
giving  jt  the  following  characters:  "Bamis  saepias  erect 
e  rhizomate  prostrato;  foliis  angustissime  vel  aceroso-li: 
earibua  lin,  5-8  longis  minns  faacicnlatis,"  He  gives  i 
range  as  quoted  above  hut  it  will  be  noticed  that  in  tl 
Synoptical  Flora  ("W.  Nebraska  to  Oregon  and  N.  E,  Cal 
fornia")  he  also  includes  some  far  western  forms.  I  ha< 
seen  no  specimens  from  Or^on  or  California,  which  coui 
be  associated  with  any  of  those  forms  from  east  of  tl 
Bocky  Mountains,  which  might  be  supposed  to  belong  i 
this  variety.  Forma  like  Mr.  Lemmon's  No.  178  represei 
perhaps  what  Dr.  Gray  later  (in  1878)  included  in  7*.  Dou 
lasii  longifolia.  Since  those  far  western  forms  do  not  diffi 
in  any  marked  respect  from  th«  true  Douglasii  and  are  t 
far  much  nearer  to  it  than  to  the  forms  east  of  the  Roel 
Mountains  it  is  best  to  leave  them  with  that  species. 

It  is  probable  that  Dr.  Gray  incJnded  some  forms  of  tl 
recent  P.  austromcMtana  and  especially  the  variety  prostra 
in  his  P.  Douglasii  longifolia,  and  indeed  some  Utah  spei 
mens  are  so  labeled.  Even  if  we  knew  exactly  what  Ut( 
specimens  Dr.  Gray  referred  to,  the  name  andicoUi  con 
not  properly  be  applied  to  them,  for  we  have  reason 
believe  that  he  based  his  variety  principally  upon  plan 
from  "east  of  the  Rocky  Mountains."  The  forms  found 
the  last  named  region  will  therefore  have  to  bear  that  nam 
Of  these  there  are  two  which  are  quite  distinct,  aamel 
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iflora  and  th«  one  described  above.  Hince  one  of 
as  been  deflnitely  designated  as  P.  multiftora,  it  is 
y  proper  to  apply  the  name  andicola  to  tlie  remain- 

We  are  also  borne  out  in  such  dispositioD  by  the 
it  the  original  characterization  points  to  it  rather 
P.  multiftora.  The  latter  has  no  true  rhizomes,  but 
:e  persisting  stems  instead,  and  its  annual  stems  are 
one-flowered,  while  in  P.  andicola  they  bear  several 

They  differ  also  in  the  character  of  their  pnbes- 
le  latter  being  lanate,  while  that  which  often  occurs 
oeduncles  and  calyx  of  P.  multiftora  can  be  termed 
nt  (in  the  restricted  sense).  In  habitat  they  differ 
P.  andicola  growing  on  the  open  plains,  while  P. 
a  is  only  found  in  the  hills, 
iome  respects  the  species  in  question  is  allied  to  P. 

It  has  the  same  character  of  pubescence  and  the 
ear  striking  resemblances.  The  habitat  is  the  same 
lontana  there  occur  some  intermediate  forms. 
mens  examined:  Wyoming;  B.  A.  Soulard,  "On  the  Upper 
'er,"  1845;  Aven  Nelson.  No.  397,  Falrbanke  on  the  Platte, 
>rseka;  J.  M.  Batea,  Valentine,  1895:  North  Dakota;  Dr.  F. 
n,  "common  on  high  prarlea  from  Fort  Pierre  to  bad  lands," 
intana;  R.  S.  WilllamB,  No.  117,  Belt  River,  IBSl;  also  a 
by  Hall  and  Harbour,  No.  453,  from  Colorado,  probably 
^eee,  1862. 

ives  Dot  beaet  with  woolly  cobwebby  halrB. 

res  ovate,  oblong-linear  or  lance-llnear,  hispid-clliate  on  the 

eepeclally  near  the  base,  rarely  nalied. 

EN8ATA  (A.  Oray)  &.  Bp. 

P.  Hoodii  var.  A  Gray,  Enum,  PI.  Parry.  (298)  in 
Will.  Oouru.  P.  cac^iiitusa  vai:  condrnsuta  \.  Gray, 
Proc.  Am.  Acad.  8:254  (1870). 

iselypolvinate-tufted;  leavesmuch imbricated,  rigid, 
inear,  apiculate,  distinctly  bisnlcate,  hispid-eiliate 
nargina  and  alightly  glandular,  5-6  mm.  long;  calyx 
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as  loDg  as  tfae  leaves,  tbe  teeth  obloDg-linear,  apiculate; 
corolla  white,  the  tU'be  twice  the  len^h  of  the  calyx  or 
leBB,  somewhat  hair;  at  the  base  within,  the  lobes  rotund, 
4-S  mm.  loDg;  style  shorter  than  tbe  calyx.  At  high  altitudes 
in  Colorado. 

This  should  have  specific  rank.  It  is  remarkably  di»^ 
tinct  from  P.  caespitosa  which  is  less  densely  tufted  and  hat 
larger  leaves  and  flowers. 

Specimens  examined  from  Colorado:  C.  C.  P&rr;,  "From  tbe 
headwaters  of  Clear  Creek,  and  the  alpine  rldgea  lying  east  tit  Middle 
Park,"  1861;  Hall  &  Harbour,  Lat.  39-41  degrees.  18S2;  Dr.  Geo.  Vase] 
on  Powell's  Colorado  Exp.  Exp..  1SG8:  Hooker  &  Gray.  No.  11206 
Sierra  Blanca;  F.  S.  Brandeg^e,  No.  es&.  Sierra  Sangre  de  Crlitt 
Range,  1873  and  1874;  H.  N.  Patterson,  No.  101.  Gray's  Peak,  alt 
11-14000  ft.,  1885;  Wm.  Trelease,  Leadvllle,  18S6i  Crandalt  &  Cow.d 
Mts.  above  Como,  alt.  12,000  ft.,  1895:  C.  3.  Crandall,  Mts.  aboTi 
Boreas,  1897. 

P.  OOHDBHBATA  HENDERBONI  n.  var. 

Very  viscid,  the  surface  of  the  leaves  covered  with  fini 
glandular-tipped  hairs,  much  more  densely  no  than  in  thi 
species. 

Type  in  Herb.  Agr'l.  Coll.,  Wash.;  coJIerted  by  L.  F 
Henderson,  Mt.  Adams,  Washington,  Aug.  1ft,  1892;  a!si 
from  the  same  locality  by  W.  N.  Suksdorf,  lSft4, 

P.  CAESPITOSA  Kutt.  Journ.  Acad.  Thila.  7:41  (1S34K 
Densely  or  somewhat  loosely  eaespitcse.  often  will 
long,  prostrate  stems;  leaves  oblong-linear  or  lanceolati 
apiculate,  8-14  mm.  long,  1-2  mm.  wide,  usually  plane,  th 
somewhat  cartilaginous  margins  hispid-ciliate  or  naked, sni 
face  glabrous  or  with  short  scattered  gland ular-tippe 
hairs;  flowers  sessile  or  subsessile  (ped ii m-Ies  rarely  2  mn 
long);  calyx  more  or  less  hispid-ciliiite  and  usiiaJly  wit 
some  short  glanduJar-tipped  hairs,  the  teeth  the  length  ( 
the  tube,  lanceolate  or  narrowly  so,  pungent;  corolla  whil 
or  light  bine,  the  tube  slightly  hairy  at  base  within,  abot 
three  times  the  length  of  tbe  calyx  teeth,  the  lobes  broadi 
ohovate,  ^-7  mm.  long.    In  the  mountains  from  Xew  Mexif 
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ntana.    Type  locality;  "Plat- Head  river,  on  the  sides 

liills."  • 

jcimens  examined:  New  Mexico;  N.  K.  Berg.  Franklin,  "tlm- 
e,"  1897:  Colorado;  A.  Eaatwood,  La  Plate  Mts.,  1892;  Baker, 
md  Tracy,  No.  249,  Mt.  HeBperus,  No.  635.  Little  Kate  Basin, 
A  Mts.,  alt.  12,000  tt.,  ISSg:  Utah;  M.  B.  Jaaoa.  No.  594c,  Marye- 
i94:  Wyoming;  Aven  Nelson.  No.  1827  (ISSS).  Ella?  Nelson. 
6  (1898),  La  Plata  MInea,  alt  13,000  (t:    Montana;  J.  B.  Alle- 

Wlaccneln  Creek,  1892;  Entiya  J,  Ware,  Deer  Ledge  Co.  (a 
-leaved,  very  glanduiar  form). 

.ESPITOSA  RIGIDA  (Beutii.)  A.  Gray.  P.  linida 
Benth.  in  DC.  Prodr.  9:306  (1845).  P.  caeapitosa 
vat;  rigida  A.  Gray,  Proc.  Am.  Acad.  8:254  (1870). 
bare  seen  no  specimens  of  tbis  variety.  It  was  origio- 
'Bcribed  from  the  Blue  Mountains  of  Oregon  (in  mon- 
^aeruleis  Americae  borfali-occid.),  and  is  perhaps  con- 

0  the  mountains  of  the  Pacific  coast  states.  Watson 
B  it  from  the  Clover  mountains  of  Nevada  (Hot.  King. 
Since  specimens  are  not  at  hand  I  retain  this  as  a 
V.  An  examination  of  good  material  might  prove  it 
more  properly  a  species. 

ILLEI  a.  sp. 

epressedcaespitose;  leaves  ovate,  oblong  or  linear- 
:,  apiculate,  3-5  mm.  Jong,  hispid-ciliate  on  the 
ned  cartilaginous  somewhat  inflexed  margin  as  also 
pper  surface,  a  little  glandular  and  granular- 
?ned.  central  portion  thickened  and  with  a  groove  on 
side;  flowers  sessile;  calyx  5-7  mm.  long,  hispid-ciliate 
andular.  teeth  thick,  short  or  as  long  a.s  the  tube,  the 

1  portion  produced  into  thick  cartilaginous  ribs  on 
lyx  tube  b^Iow;  corolla  white,  the  tube  quite  hairy  at 
■  ithin.  more  than  twice  the  length  of  the  calyx,  the 
broadly  obovate  to  rotund.  4  mm.  long;  style  short, 
an  half  the  length  of  the  corolla  tube. 

lis  cannot  be  referred  to  P.  caeapitosa.  The  much 
r,  broader  leaves,  and  the  grayish  color  of  the  whole 
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plant,  diHtinguifih  it  from  tbat  species.  lo  leaf  characters  it 
seems  to  be  allied  to  P.  aU>omarginata.  That  species,  how- 
ever, has  plane  leaves  and  the  flowers  are  raised  above  the 
grouQd  and,  at  least  in  the  rarietr  minor,  peduncled. 

I  take  great  pleasure  in  dedicating  this  species  to 
Frederick  Coville,  who,  together  with  Frederick  FonsttMi, 
collected  it  on  the  Death  Valley  Expedition.  Type  in  Herb. 
California  Academy  of  Sciences;  No.  1801,  Black  Canon, 
White  Mountains,  Mono  Co.,  California,  1891. 

P.  ALBOMARGIXATA  Jones,  Zoe  4:36T  (1894). 

Specimens  of  this  species  are  not  at  hand.  It  is  charac 
terized  by  its  short,  broad  cartilaginons  marginal  leaves  and 
exceedingly  glandular  calyx.  Type  locality;  '■East  face  o( 
Mt.  Helena.  Montana." 

P.  ALBOMAKGIXATA  MIXOR  Jones,  1.  o. 

A  specimen  nollected  at  Helena,  .Alontana  by  P. 
D.  Kelsey,  ISftll,  I  take  to  be  of  this  variety.  It  diffei-s 
from  the  species  in  the  absence  of  flowering  stems,  in  ite 
smaller  leaves  and  shorter  calyx.  The  flowers  are  on  pednn- 
cles  about  6  iiini.  long. 

ttLeavee  not  hispid -dilate  on  the  marglD. 

llSparsely  lanate-  or  blreute-cUlate  on  the  calyx  and  usually  at 
the  base  of  the  leaves,  otherwise  glabroue  or  with  short  One  gtand- 
ular-tipped  hairs  on  the  leaves  and  stems;  leaves  acerose  (at  least 
those  fascicled  In  the  axils). 

P.  DIFFI'RA  Benth,  PI.  Hartw.  325  (1849).  P.  Do«j?to«ii 
rar.  diffusa  A.  Oray.  Proc.  .\in.  Acad.  8:2.i4  (1^7'M. 
Loosely  caeapitose-sp reading,  with  prostrate  looselj 
branched  stems,  the  annual  ones  of  1-4  nodes,  one-flowered 
2S  cm.  long;  leaves  6-12  mm.  long,  a  pair  of  spreading 
oblong-linear  (2  mm.  wide  or  less)  ones  with  narrow  thin 
white  margin  and  somewhat  narrowed  base  at  each  node, 
with  acerose,  apiculate  ones  in  their  axils;  flowers  sessile 
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uhsessile;  calyx  sparsely  lanate-eiliate  or  sometimes 
rons,  the  teeth  the  length  of  the  tube;  corolla  white,  the 
somewhat  hairy  at  base  within,  twice  the  length  of  the 
t  or  less,  the  lobes  obovate  or  broadly  bo,  entire  or 
■,  6-9  mm.  long;  style  usually  nearly  equalling  the 
la  tube.  Oregon  to  British  Columbia. 
Dr.  Gray  made  this  a  variety  of  P.  Douglasii  bnt  that 
Dot  seem  satisfactory,  for  it  exhibits  some  very  good 
Qctions  from  that.  It  is  much  laxer  in  growth,  the  in- 
gles being  longer,  and  has  broader  and  shorter  leaves 
onger  style.  It  also  grows  in  mueh  moister  places  and 
a  more  northern  distributiou. 

SpeclmenH  examined:  Waahlngton;  L.  F.  Herderso",  Mt. 
H,  1892,  ''Alpine  bIopbh,  Olympic  Mts.."  1890;  Lake  &  Hull,  No. 
[orse-shoe  basin,  near  Skagit  PasB,  1892;  C.  V.  Ptper,  Olympic 
Mt.  Rainier,  1895;  O.  D.  Allen.  No.  26&.  1896:  Oregon;  Ellhu 
No,  414,  1871;  L.  P.  Henderson,  Summit  of  Ashland  Butte,  1888: 
h  Columbia;  John  Macoun,  Mt,  Arrowsmlth  on  Vancouver  IB- 
1887. 

>UGLASII  Hook.  PI.  Bor.  Amer.  2:73  (1838), 
'aespitose,  often  loosely  so  with  much-branched  pros- 
stems  from  a  more  or  less  woody  root;  sparsely  lanate- 
e  on  the  calyx,  base  of  leaves  and  stems  or  nearly 
ons;  leaves  aoerose,  pungent  or  apiculate,  5-15  ram. 
flowers  sessile  or  snbsessile.  solitary,  rarely  the  an- 
atems  3-flowered;  calyx  teeth  the  length  of  the  tube, 
se-Bubulate;  corolla  white  or  light  blue,  the  tube  some- 
hairy  at  base  within,  a  little  less  than  twice  the  length 
'  calyx,  the  lobes  obovate  to  rotund,  5-7  mm.  long;  style 
he  lencth  of  the  corolla  tube  or  less.  Commnn  in  Ore- 
nd  California,  also  in  Idaho,  Nevada,  and  southwestern 
ado.  Type  locality;  "N.  W.  America:  common  on  the 
stone  range  of  the  Blue  Mountains  (Oregon),  and  on 
ocbv  Mountains,  near  the  confines  of  snow," 
)f  all  the  forms,  merged  into  this  species  by  Dr.  Gray, 
oe  so  common  in  Oregon  and  California  is  here  taken 
p  true  P.  Douf/lasii.  The  leaves  of  this  are  not  notice- 
rigid  but  often  rather  weak  and  spreading.    They  are 
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either  strictly  acerose  or  somewhat  plaoe  and  often  with 
indexed  but  not  at  all  thickened  margioB.  Ab  a  rule  the; 
are  not  grooved,  at  least  not  bo  Btrongl;  or  distinctly  as  in 
P.  condengata.  In  the  Bpecimens  examined  there  is  8<Hne 
variation  especially  in  habit  but  not  marked  enough  to  jna 
tify  any  further  seggregation.  The  Oregon  Bpecimens  have 
a  much  softer  pubescence  and  approach  much  .nearer  to  P. 
diffusa  than  some  of  those  from  CaliforDia.  The  latter,  of 
which  Coville  and  Fdbaton's  Ko.  1830  and  Lemmon's  ITS 
are  representatives,  exhibit  a  coarser,  somewhat  hirBUte 
pohescence  and  the  annual  stems  are  often  3-flowered. 

Sp«clmenB  examined;  W«BblDKton;  Mra.  W.  U  Stelnweg,  Cas- 
cade MU.,  Yakima  Co.,  1894:  Oregon;  Dr.  J.  H.  Bartholf.  Camp 
Harney,  1ST5;  Mn.  R.  H.  Auatln.  Soutbeaatem  Oregon  (labeled  P. 
Douglaali  longiroUa),  Quartc  Valley  (labeled  P.  caeapltoaa),  1893:  C. 
v.  Plp«r,  Powder  River  Mta.,  1896;  L.  F.  HeDderson,  Mt.  Hcod,  189fi 
(labeled  P.  Douglaali  diffusa);  Idaho;  A.  Isabel  Hulford,  near  Ket- 
cbum,  1S92:  Catifortila;  J.  O.  Lemmon,  Nee.  81,  Sierra  Valley,  aad 
178.  Sierra  Co.  1874  (labeled  P.  Douglaali  longlfolla);  Geo.  Ecgel- 
mann,  Mt.  Shasta.  ISSD;  M.  E.  Jones,  No.  2470,  Soda  Spring*,  Ne- 
vada Co.  1881;  Mrs.  Austin,  DstIb  Creeh,  1892;  Geo.  Hanaen,  No.  499. 

Amador  Co..  1892  snd  189G   (labeled  P.  caeapltoaa):    C.  A.  P , 

Tulore  Co.,  1896:  Mra.  C.  L.  Proctor,  Mt.  Sbasta,  1S96;  H.  E.  Brown, 
No.  362  1-2,  Ht.  Shasta,  1S9T  (labeled  P.  caesplosa) ;  Alice  Baatword, 
Summit.  Placer  Co.,  1898:  Nevada;  M.  E.  Jone»,  Carson  City,  1897: 
Soutbweetera  Colorado;  Alice  Eastwood,  Mancos,  1891. 

P.  PIPERI  n  sp. 

Many-stemmed  and  much  branched  from  a  woody  root 
the  wood.T  persistent  stems  erect  or  ascending,  10-15  cm 
high,  these  often  arising  fromi  horizontal  rhizomes;  th< 
whole  plant  sparsely  covered  with  short,  fine,  glaadiilar 
tipped  hairs  throughout,  the  bases  of  the  leaves  and  thi 
calyx  hirsuteciliate;  leaves  spreading,  acerose,  pungent 
5-10  mm.  long;  flowers  solitary,  usually  on  peduncles  2  mm 
long;  calyx  teeth  acerose,  pungent;  corolla  white  or  ligh 
blue,  the  tube  somewhat  hairy  at  base  within,  one  and  i 
half  times  to  twice  the  length  of  the  calyx,  the  lobes  obovat 
to  cunente-obovate,  6-!)  mm.  long;  style  about  half  th- 
length  of  the  corolla  tube. 
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ype  ID  Herb.  Agr'l.  Coll.,  Wash;  collected  by  C.  V, 
at  Spokane,  Washington,  May  16, 189B;  from  the  same 
:y  by  A.  A.  and  E.  (Jertrade  HeJler,  April  21,  ISSfi.  A' 
len  by  W.  C,  Cusick,  No.  1601,  from  Eaeetrn  Oregon 
is  also  referred  here. 


Pubescent  or  caneaceat-pubeecent,  never  glandular,  often  en- 
[labrous;  leaves  plane  or  subulate  from  a  broader  1>aBe 

8TBOMONTANA   CoTille,   Cont.   Nat.   Herb.   4:151 

(1893). 
luthem  rtah,  northern  .\rizona  and  eonthern  Call- 
Type  locality,  "Beaverdam  Mountains,  Utah." 
lis  excellent  species  is  characterized  by  its  eanescent 
;encp  and  by  the  replicate  sinuses  of  the  c^lyx.     It  is 

relative  of  P.  Douglasii  which  it  re.oeniblea  in  habit, 
ffers  from  that  in  the  above  named  characters  and  in 
eral  flowered  annual  stems.  The  leaves  are  acerose 
I  broader  base  and  usually  somewhat  hisuJrate  or 
nearly  plane.  Tlie  corolla  hibe  is  rather  noticeably 
lear  its  base  within, 
clmene  examined;  Southern  Utah;  C.  C.  Parr;,  Mts.  near  St. 

1874;   A.  H.  Slier,  No.  16,  Mts.  near  Osmsr,  1874;   Dr.  K. 

No.  307,  "S.  Utah.  N.  Arizona,"  1877;  M.  E.  Jones,  No.  5122. 
d  Valley,  1894:  California;  C.  R.  Orcutt,  No.  8S6,  Topo  Canon, 

B.  Parish,  Noe.  1839  (18861  and  29S5  (1894)  San  Bernardino 


TBOMONTANA  PROSTBATA  n.  var. 

oseiy  caespitose-apreading,  with  long  prostrate  laxly- 

ed  stems  which  are  often  ^  dm.  long;  leaves  usually 

20-25  ram.  long;  flowers  large,  the  ctirolla  tube  2  cm. 

le  lobes  erose,  1  cm.  long, 

has  the  eanescent  pubescence  and  the  replicate  calyx 

I  of  the  species,  but  its  more  diffuse  habit  and  its 

planer  leaves  readily  distinguish  it. 

pe  in  Herb.  T'niv.  of  Wyo. ;  collected  by  M.  E.  Jones, 

a  y  &  z.  at  Silver  Reef.  Utah,  May  4,  1894. 


■Jii  Wrstn-n   Xorlli  American   Pkloj^ra. 

P.  MILTIFLOKA  Avfn  Xt-lwon.  Bull.  Toit.  Rrtt.  rliib, 
i;5:27S  (ISftS),  /',  lUuifflanii  rnr.  lnii(/ifnli<t.  A.  (Irai, 
Pm-.  Am.  Acad,  8:254  |1870).  in  part. 

Ill  the  foothillw  east  of  the  Rocky  Mountains,  from  Mon- 
tana to  Colorado.  Type  locality;  Laramie  Hills.  Alban? 
Co..  ^A'yoniinp;. 

This  a[jerie«  is  very  distinct  and  need  not  be  confused 
with  anytliiufi  else.  Its  sini]ile,  ereit.  one-flowered  annnal 
stems  with  coinjiaratively  long  inteniodes  and  little  it  ai 
all  fasieled  plane  leaves  separate  it  from  all  related  species 
The  phint  is  often  glabrous  throughout,  but  generally  tht 
calyx  and  peduncles  are  pubescent.  The  same  hairiness  ii 
tile  i-orolla  tube  observed  elsewhere  in  this  group  al« 
occurs  here, 

Specimena  examined:  Montana;  J.  H.  Flodman,  Spanish  Basin 
1896;  P.  Koch,  Lake  Plateau,  1897:  Wyoming;  Dr.  F.  V.  HaTden 
•■Summit  of  Wind  River  .Mta.,"  1860;  C.  C.  Parry,  "N.  W.  Wyo.,' 
1873:  J.  W.  Blanklnahip,  Big  Hern  MtB.,  1S90;  B.  C.  BufTum.  Uppe 
Laramie  River,  1891;  Aven  Nelson,  Koa.  182,  1894,  and  317B  (typel 
18S7.  Luramie  Hills,  No.  813.  Union  Paee  HUU.  1894;  EUaa  NelwB 
No.  4864,  Freezeout  HIIIb,  1898:  Colorado;  W.  A.  Henry,  Gregor 
Canon,  1875;  J.  J.  McFarland,  Boulder  Co.,  1881;  Alice  BiV.vcoi 
nuranEo,  1K91;  C.  S.  Crandall,  Mount&ne  of  Northern  C?!?..  1S9< 
RiBt  Canon,  1S91,  Platte  Canon,  1894:  C.  F.  Baker,  Ft.  Collins,  1891 

P.  MULTIFLOEA  DEPRE88A  n.  var. 

DepiTssed  caesjntose,  scarcely  rising  above  the  ground 
leaves  1  cm.  long,  rarely  '2  cm.;  flowers  mostly  subsessili 
the  corolla  lobes  fi-7  mm.  long  (in  the  sjiecies  S-!t  mml. 

I  thns*  designate  a  form  from  the  Red  Desert  of  Routl 
Western  Wyoming.    Type  in  Herb.  T'niv.  of  Wyo. 

Specimens  exan^lned  trom  Wyoming:  Dr.  P.  V.  Hayden,  Kami 
Prairie  snd  head  of  Wind  River  Valley,  alt.  6500.  1860j  Aven  Nelso 
Noa.  3084  (type),  Point  ot  Rocks  (1897),  4677,  Kemmerer,  and  4&! 
Cokeville  (1898). 

i|  |(  llpubescent  or  hlreute,  often  glandular,  not  Intrequently  e 
ttrely  glahroua;  leaves  plane,  lance-llnear. 
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ELSEYI  Britt.  Bull.  Torr.  Bot.  Club,  19:225  (1892). 
'rom  Montana  and  the  Dakotan  to  Sonthern  Wyoming. 
Tiis  varies  from  entirely  glabrous  to  densflj  hirsute, 
onie  sjH't'imens  from  southern  Wyoming  are  glandular 
ghout;  but,  since  this  form  agrees  in  every  other  re- 

and  since  some  Montana  plants  also  exhibit  a  ten- 

to  be  glandular,  it  seems  best  to  refer  it  to  this 
■s.  The  peduncles  and  young  stems  are  narrowly  wing- 
1,  a  character  which  is  never  so  prominent  in  any  other 
■8.  The  membranous  sinuses  of  the  calyx  are  very 
IV',  and  show  no  indications  of  becoming  replicate, 
ecimens  examined:  Montana;  F.  D.  KeUey,  Helena,  1830. 
d'Alene.  1891;   Mra.  L.  A.  Fitch,  Twin  Bridges,  18J2.  Madison 

H.  Flodman,  Uttle  Belt  MtB.,  1S96:  South  Dakota;  Alice  D. 
Piedmont.  1896;  J.  M.  Batea,  No.  1162.  Hot  Springs.  1896: 
ing;    J.   M.   Bates,  Newcastle.   1896;    Blias  Nelson,  No.   4336, 

Creek,  Albany  Co..  1S9S  (the  glandular  form). 

LBIFOKHIS  (Jones)  n.  sp. 

/'.  lonfi'ifnVw  rar.  ijiadifnyiiiH  Jriiion,  Ptw.  Titl.  A.-inl. 

Rci.  Ser.  2,  5:71ia»951. 
oosely  caespitose  with  prostrate  spreading  stems; 
pubescent  and  slightly  glandular  throughout;  leaves 
■  thick  and  rigid,  with  prominent  midribs  and  slightly 
te  margins,  lance-linear,  pungent,  15-20  mm,  long. 
2  mm,  wide;  flowers  sessile  or  suhsessile;  calyx  with 
8  distinctly  but  only  moderately  replicate,  the  teeth 
ly  longer  than  the  tube,  pungent;  corolla  white,  the 
>ube8cent  (on  the  exterior)  and  near  the  base  within 
densely  so,  twice  the  length  of  the  calyx,  the  lobes 
s-obovate,  entire,  7  mm.  long;  style  less  than  half  the 
of  the  corolla  tube,  T'tnh.  Tvi>e  localitv;  "Cedar 
rtah. 

lie  nearest  relative  of  this  ia  P.  Kehci/i  with  which  it 
in  habit  and  leaves.  It  is  readily  distinguished  from 
y  its  more  sessile  flowers,  pubescent  corolla  tube  and 
'  ehara'cter  of  its  calyx.  Mr,  Jones  referred  it  to  P. 
lia.     The  replication  of  the  calyx  sinuses  would  in- 
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deed  suggest  such  relatioDship,  yet  it  has  neither  tbe  1od( 
Btyle  nor  the  habit  which  is  characteristic  of  that  gronp.  Oi 
ithe  other  hand  its  chief  characters  allieB  it  to  P.  Kdiegi 
and  were  it  not  a  good  species  it  would  have  to  become  i 
variety  of  the  same.  The  above  description  has  been  drawi 
f  I'oni  some  specimens  of  Mr.  Jones'  type  nnmber,  6208c,  col 
lected  by  him  at  Cedar  City,  Utah,  May  8,  1894. 

"Suffrutescent  or  nearly  berbeceoiu  perennlalB,  loos«lr  tuttci 
and  many-stemmed :  leaves  generally  distant,  vei;  little  il  at  si 
fascicled  In  tbe  axlU,  as  a  rule  not  marcetcent  on  the  stems  beloir 
flowers  Id  corymbose  cymes;  calyx  with  wblte-membranoua  Inter 
costal  sinuses  wblcb  are  usually  replicate  and  often  produced  Inti 
salient  angles,  ttae  teetb  equalling  or  sborter  than  tbe  tube,  apicnlaJi 
or  pungent;  corolla  tube  more  or  less  batry  at  base  within;  style  looi 
and  Blender  equalling  the  corolla  tiAe  or  at  least  longer  than  thi 
ovary  or  stigmas;  ovules  one  or  two  In  each  cell. 

tCoroUa  tube  glabrous. 

t Style  exceeding  the  calyx. 

[|Corolla  tube  twice  tbe  length  of  tbe  calyx  or  less. 

a.  Flowers  nodding. 

P.  OEENDA  n.  sp. 

Suffrutescent  at  base  and  many-stemmed,  8  cm.  higt 
the  lower  part  of  the  stems  purple;  glabrous  throughout  o 
the  stems  puberulent  below;  leaves  linear,  spreadiug,  2- 
rni.  long,  less  than  2  mm.  wide;  flowers  on  slender  pedicel 
{about  1  cm.  long),  inclined  to  be  nodding;  calyx  with  somi 
what  replicate  sinuses,  the  teeth  haJf  the  length  of  the  tub4 
corolla  white  or  tinged  with  purple,  the  tube  twice  tt 
length  of  the  calyx,  the  lohes  obovate,  entire  or  somewhf 
erose,  7-S  mm.  long;  ovules  solitary  in  each  cell. 

Tyi)e  in  Herb.  T'niv.  of  Wyo.;  collected  by  C.  R.  Crai 
dall  at  Cimarron,  Montrose  Co.,  Colo.,  Mav  18,1898. 


aa.  Flowers  not  nodding. 

LINEARIFOLI.\   (Hook.)     A.  Gray.  P.  apeciom    Lint 
Bot.  Reg.  t.  1351  (1828).    P.  spectosa  var.  Hnearifta 
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Hook.  Kew.  Joarn.  Bot.  3.289  (1851).     P.  lineari- 

folia  A.  Gray,  Syn.  FI.  2:133  (187^). 
Loosely  tufted,  more  or  less  suffrutescent  with  erect  or 
it^ent  stems;  entirely  glabrous  or  roughish  pubescent.; 
es  narrowly  linear,  pungent,  2-5  em.  long,  1-2  mm,  wide; 
era  as  a  rule  long-pedicelled;  calyx  more  or  less  angled 
he  replication  of  the  sinuses,  often  strongly  so,  the  teeth 
ewhat  acerose,  pungent,  about  the  length  of  the  tube, 
)lla  white,  blue  or  rose-color,  the  tube  less  than  twice 
length  of  the  caJyx,  the  lobes  obovate  or  narrowly  so, 
ally  entire,  8-12  mm.  long;  ovules  lor  2  in  each  cell.  On 
interior  plains  of  the  Columbia  River  and  its  tributaries 
I'estern  Idaho,  Washington  and  Northern  Oregon.  Type 
lity;  "N.  W.  America,  Plains  of  the  Columbia," 

This  species  presents  considerable  variation  id  habit 

degree  of  pubescence.  Forms  liiie  C.  V.  Piper's  apeci- 
8  from  Alnmta,  Washington,  have  usually  passed  aa 
nearifolia  among  recent  collectors,  while  glabrous  forms 
i  been  labeled  P.  longifolia.  It  is  not  readily  distin- 
hed  from  P.  longifolia.  which  displaces  it  in  the  Rocky 
ntain  region  but  is  however  as  a  rule  separated  from 

by  its  shorter  and  narrower  leaves. 
Ipeclmena  examined:  Idaho;  J.  H.  SHJidberg,  No.  25,  "Common 
lllBliJeH,  valie;  at  Clearwater  River,  Nei  Perces  County,"  1892. 
)  lorin  la  erect  in  habit,  many-atemmed  from  tbe  baee  and 
ouB  or  only  allghtly  pubescent,  with  calyx  moderately  aoeled 
two  ovules  in  each  cell.  It  seema  to  fit  tbe  deecrlption  of  P. 
oaa  Undl.  in  Hook.  FI.  Bor.  Am.  2:72  as  welt  as  any  specimens 

;  L..  F.  Henderson,  Lewlaton,  1S94;  A.  A.  ft  E.  Oertrude  Heller, 
Bton,  1896  [glabrous,  leavea  even  5  cm.  long;  calyx  15  mm.  long, 
s  2  In  each  cell):  Washington;  Chas.  A.  Ramm, 
ane,  Co.,  1883  (slender  form);  L.  F.  Henderson, 
nie,     1892,     Yakima,     1892     (corolla     lobes     obovate,     T     mm. 

;  W.  R.  Hull,  Pataha,  1892;  E.  R.  Lake,  Wawawal,  1892;  C.  V. 
',  Almota,  1893  (very  putescent,  persisting  steirs  prostrate,  tbe 
al  ones  erect  or  aseurgent,  corolla  lobes  narrowly  obovate,  10-12 
long,  ovules  usually  2  In  each  cell) ;  C.  V.  Ptper,  Wawawal,  1893 
•scent,  corolla  lobea  16  mm.  long,  acuminate-acute) ;  Mrs.  W.  Li. 
weg.  North  Taklma,  1894;  H.  H.  Hlndahaw,  Pasco,  1896;  C.  V. 
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Piper.  North  Yakima,  1898  (a  low  form  with  weak  Bteme  and  ktwd 
spreading  leaves,  about  2  cm.  long,  glabrous,  calyx  strongly  angled, 
corolla  lobes  mostly  cuneate-tAilong,  6-9  mm.  long,  ovules  2  Id  each 
cell):    Oregon:  Rev,  M.  Spalding,  Ciearwater,  No,  11,963. 

P.  VIBIDA  n,  sp. 

Rather  woody  at  baw,  the  annual  sterna  numerous 
erect  and  leafy,  6-lft  tiH  high,  rarely  15  cm;  glabrons  below, 
viscid-pn  be  scent  above  and  with  a  few  longer  crisp  hairs  on 
the  calyx;  leaves  noticeably  green,  linear,  pungent,  2-3  cm. 
long,  1  mm.  wide;  flowers  usnally  in  contracted  corymbose 
cymes,  with  rather  stout  pedicels;  calyx  moderately  angled 
by  the  replication  of  the  sinuses,  the  terth  the  length  of  the 
tube  and  pungent;  corolla  light  blue,  the  tube  somewhat 
exceeding  the  calyx,  the  lobes  cuneate-obovate,  emarginate 
or  nearly  obcordate,  6-7  mm.  long;  ovules  solitary  in  each 
cell. 

Characterized  by  its  viscid  pubescence  and  unusually 
green  leaves.  Type  in  Herb.  Agr*!.  ("oil.  Wash.;  collected  by 
C.  V.  Pii)er.  E^lenburg,  Washington,  May  2ft,  1897;  also, 
from  Idaho,  by  A.  Isabel  Miilford.  Boise  flats,  1892. 

P.  TISOIDA  n.  Bp. 

Stems  erect,  10-15  cm.  high;  viscid  pubescent  through- 
out, the  pedicels  and  calyx  densely  so,  the  latter  also  some- 
what hirsute;  leaves  noticeably  green,  linear  to  narrowly 
lanceolate,  pungent,  2-4  cm.  long,  2-4  mm.  wide;  flowers  on 
pedicels  1-2  cm.  long;  calyx  13  mm.  long,  with  sinuses  only 
slightly  replicate  (in  t.vpe  apparently  not  at  all),  the  t'-eth 
about  the  length  of  the  tube,  green,  apiculate;  corolla  rose- 
color  (?),  the  tube  slightly  exceeding  the  calyx,  the  lobes 
obovate  or  narrower,  finely  erose,  7  mm.  long;  ovules  soli- 
tary in  each  cell. 

I  confidently  propose  this  as  a  new  species.  Its  viecid 
pubescence  and  much  broader  leaves  at  once  distinguish  it 
from  /'.  longifolia  and  P.  linearifoUa.  It  has  been  labeled 
P.  Itmi/ifotia  tar  fHamhuri/i,  with  which  if  cannot  be  assoc- 
iati'd.  its  relKtionship  being  rather  with  P.  lonijifoUa.  Type 
in  Herb.  Agr'l.  foil.,  Wash, 
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iclmens  examined:  WaBhlngton;  Tbos.  Howell,  No.  1380, 
at  Valley,  1S81:  C.  V.  Piper,  Blue  Mte.  Columbia  Co.,  June  16, 
rpe):  CallfoFDla;  H.  N.  Bolander. 

iNGIFOLIA  Nutt.  Jouni.  At-ad.  riiila.  7:41  (18.14). 
.  P.  apeciosa  rtir.  b  Hook.  Fl.  Bor.  Am.  2:72  (IS'ls). 
P.  kumilis  Dougl.  Benth.  in  DC.  Prodr.  !l :  'iOe  (1845). 
suallj  erect  in  habit,  10-25  cm.  higli;  finely  piibesr^nt 
broue;  leaves  lineiir,  with  prominent  midveina  and 
hat  thickened  rartHaRinoiiB  margins,  3-6  cm.  long, 
11.  wide;  flowers  on  pedicels  1-3  cm.  long;  calyx  with 
y  replicate  sinnses;  corolla  white,  the  tube  somewhat 
ing  the  calyx,  the  lobes  obovate  or  cnneate-obovate, 
emarginate  or  erose,  810  mm.  long;  ovnleB  generally 
y  in  eath  cell.  Along  the  western  side  of  the  Rocky 
aina  from  Montana  to  Colorado  and  Utah,  also  in 
1  (Bluf  Mountains)  and  Washington, 
loker  gives  as  the  range  of  his  /'.  specinsa  rnr  ft, 
pint"  range  of  the  Rocky  Mountains  near  perpetual 
ind  on  the  Blue  Mountains,  N.  W.  Am.."  which  indeed 
to  be  nearly  the  range  of  this  api'cies  for  although  it 
B  principally  to  the  Ko.cky  Mountain  region  a  low  far 
n  form  must  also  be  referred  here.  P.  humilia.  a 
Rowing  "in  aridis  ^abulosin  ad.  flum.  Ctilnmbia 
•ae  boreali-occid.,"  is  I',  si.fciosa  vitr  h.  Hook,  in  part, 
robable  that  Douglas  based  his  P.  huniUis  on  speci- 
imilar  to  those  cited  below  from  Oregon  and  Wash- 
There  seems  to  be  nothing  however  which  would 
t  its  separation  from  P.  Inngifolia. 
I  the  whole  it  is  a  little  stouter  in  habit  and  with 
'  pedicels  than  P.  llnearifoUa.  Its  pubescpnce  is  finer 
e  ovules  are  seemingly  always  solitary  in  each  cell, 
south  it  gradually  passes  into  P.  Stfinshiirffi.  yet  from 
ical  forms  of  that  it  is  readily  distinguished. 
^Imetifl  examined:  Montana;  F,  V.  Hayden,  Madison  River. 
.  F.  Shaw.  Bozeman,  1892;  Mrs.  C.  H  Moore,  Bu"e.  1893: 
dgman.  Gallatin  Co.:  Wyoming;  F.  V.  Hayden,  (a  series  of 
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collections).  Jackson's  Bote,  1860;  Aven  Nelson,  No.  4629,  CokeTilte, 
1898:  Colorado;  J.  H.  Cowan,  L«raui  Creek,  Delta  Co.,  1S92;  C.  S 
Crandall.  Palisades,  Mesa  Co.,  1S9S:  Utab;  M.  E.  Jonss.  Salt  Lakt 
City,  1880:  WaBhlngton;  Klrb  Whlted,  Weuatchee,  1896:  Oregon; 
Rev.  M.  Spalding. 

P.  LONQIFOLIA  PUBEBULA  n  vat. 

Low,  1  dm.  high  or  lesB,  sterna  erect  or  asceodiDg;  mon 
or  lesa  glandular-puberuleat,  very  densely  bo  on  the  pediceli 
and  calyx,  nearly  destitute  of  rougtiiah  haira;  leavei 
usually  spreading,  linear,  bluntish  at  tip  or  apicniate,  2-J 
cm.  long,  1-2.5  mm.  wide;  replioation  of  the  caJyx  sinuset 
very  slight  and  luooospicuoue ;  corolla  light  blue  or  lilac,  tht 
lobes  obovate  or  cunate-obovate,  retuse  or  blunt,  7-12,  mm 
long;  ovules  solitary  in  each  cell. 

1  thus  designate  what  seems  to  be  quite  a  distinct  form 
which,  were  it  not  for  its  gradual  gradation  into  P.  longi 
folia,  would  be  a  good  species.  Type,  No.  4544,  in  Herh 
Univ.  of  Wyo.;  collected  by  Aven  Nelson  at  EvanstoD,  Wyo. 
June  6, 1898;  also  No.  2964,  from  same  locality,  1897. 

P.   eTANRBT'RYI   (Torr,)   Heller,   Bull.   Torr.   Bot.   Club 

24:478  (1897).     P.  aperioaa  var.  (?|  Stanaburi/i  Tort 

Bot.    Mex.  Bound.    145  (1859).      P.    longifoUn   ra> 

^tniinburi/i  A.  Cray.  Proc.  Am.  Acad.  8:255  (1870 

Stems   several    from   a    ligneous    base,    rather    stoul 

usually  simple  below,  oymosely  branched  above  into  leafi 

bracted  corymbs,  about  1  dm.  high;  pubescent  througlioni 

roughly  so  above,  the  pedicels  and  calyx  usually  glandulai 

leaves  thick,  usually  recurved -spreading,  linear  or  lineai 

lanceolate,  apicniate.  2(l-.15  mm.  long.  2-3  mm.  wide;  flower 

on  pedicels  5-15  mm.  long;  calyx  1  cm.  long,  the  sinus^ 

more  or  less  replicate,  the  teeth  apicniate  or  somewhat  cm 

pidate  attenuate,  as  long  as  the  tube;  corolla  pink  or  rosi 

color,  the  tube  fully  twice  the  length  of  the  calyx,  the  lob* 

cuneate-obovate.  erose,  emarginate  or  retuse.  7-8  mm,  lonf 

ovules  usually  one  in  each  cell.    Southern  California  to  Ke' 

Mexico.  Southern  Colorado  and  Utah.    Type  locality;  Orga 

and  San  Luis  Mountains,  New  Mexico. 
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IpeclmeuB  examined:  California:  Covtlle  and  Punston,  No.  Hi, 
mint  MtB.,  1891:  Utah;  Henrr  Etiglemann,  Salt  t^ke  City,  1872i 
,  Jones,  Cisco,  1890,  No.  5198.  Cedar  City,  1894;  Arizona;  B.  Pal- 
Cottonwood  Creek,  1876;  H.  H.  Rusby,  1883;  M.  B.  Jonea,  1884; 
Prlngle,  Santa  Rita  MtB.,  1884;  C.  Q.  Prlngle,  Santa  Rita  HtB., 
New  Mexico;  E.  0.  Wooton,  No.  158,  Organ  Mta.,  1892;  A.  A 
S.  Gertrude  Heller,  Barranca,  1897:  Colorado;  T.  S.  Brandegee, 
'B  Canon,  18TS;  Alice  Eastwood.  Crested  Butte,  1890. 

'ANSBUKTI  BBETIFOLIA  (A.  Gray)  n.  com. 

P.  longifolia  var.  Stansburyi  A.  Gray  forma  brevi- 
folia  A.  Gray,  Proc.  Am.  Acad.  8:255  (1870).  P. 
longifolia  var.  Stanaburyi  A.  Gray  subvar,  brevifoUa 
A.  Gray,  Wats,  in  Bot  King  Rurv.  261  (1871).  P. 
longifolia  var.  brevifoHa  A,  Gray,  Syn.  FI.  2:133 
(1878). 

Low,  5-6  cm.  high;  leaves  short  and  broad,  ovate  to 

«late  or  narrowly  ohlong,  apicutateacute,  6-15  mm. 

3-4  mm.  wide;  pubescent  throughout,  the  pedicels  and 

:  glandular. 

jecimens  examined:  Nevada;  M.  B.  Jones,  Reno,  1897:  Northern 

aa;  B.  Palmer,  No.  306,  18T7. 

||Corolla  tube  tubular-funaelform,  nearly  twice  the  length  of 
Jyi. 

anriFOLiA  n.  sp. 

Sreet  Buffruticoae  perennial,  5  dm.  high  or  more,  the 
al  stems 25-30  cm.  long,  the  internodes  often  6  cm.  long; 
■ouB  below,  sparsely  glandular-pubescent  above,  the 
;  hirsnte-ciliate;  leaves  linear-attenuate,  25-35  mm. 
;  flowers  in  lax  irr^ular  corymbose  cyme^,  the  pedicels 
long;  calyx  6-10  mm.  long,  with  sinuses  bareiy  if  at  all 
eate.  the  teeth  lanceolate-attenuate,  shorter  or  even 
^r  than  the  tube;  corolla  white,  the  tube  twice  as 
i  at  throat  as  at  base,  nearly  twice  the  length  of  the 
:,  the  lobes  oblong  or  ciineate-ohlong,  eroae,  8  mm. 
,  ovules  solitary  in  each  cell. 

rhe  type  of  this  excellent  species  is  in  Herb.  Uo.  Bot. 
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<  lardPD ;  colected  by  C,  G.  Pringle  in  the  "Rocky  canyons  oi 
the  Ranta  Catilina  Mts.,"  Arizona,  April  11,  1881,  It  has 
also  btH-n  collected  by  J,  \V.  Tourney  in  the  same  locality 
and  by  W.  T,  Pariah  at  Lowell,  Ariz. 

II  II  |;CorollB  tube  3  to  4  timea  the  length  of  the  cilyx. 

P.  DOLICANTHA  A.  Gray,  Proc.  Am.  Acad.  22:310  (1887), 
Hcrbacfoua  to  the  fjround,  about  1  dm.  high,  the  stems 
branched,  the  branches  opposite  below  and  equalling  th( 
main  stem ;  sparsely  pubes(y^nt  more  or  less  throiifrhout  vitti 
short  glandulartippi'd  hairs,  noticeably  so  on  the  pedicels 
and  calyx;  leaves  thick  and  with  prominent  midribs,  alter 
nate  above,  linear  to  lanceolate,  the  larger  ones  with  otcas 
ional  retrose  teeth,  those  on  the  main  stems  30-50  mm,  long 
5-8  mm.  wide,  those  on  the  branches  25-35  mm.  long,  2-4  mm 
wide;  flowers  scattered,  on  stout  pedicels,  the  latter  10-2; 
mm,  long;  calyx  with  sinuses  barely  if  at  all  replicate,  tht 
teeth  slightly  shorter  than  the  tube;  corolla  rose-color  i?) 
the  tube  3-4  times  the  length  of  the  calyx,  the  lobes  obovate 
entire,  OK)  mm.  long;  ovules  solitary  in  each  cell.  Sat 
ISernardino  Mountains  of  sdutheastern  California  and  Pah 
rauagt)t  Mountains  of  southeastern  Nevada. 

Specimens  examined  from  southeastern  CalKornia:  S.  B.  Parish 
Nob.  ISSO.  1S38  (1S36>  and  2966  (1894),  San  Bernardino  MU. 

ttStyle  not  exceeding  the  calyx. 

P,  HIB8UTA  u.  Bp. 

Very  woody  at  base  with  stout  annual  stems,  the  latte 
about  1  dm,  high;  coarsely  hirsute  throughout  with  loni 
jointed  hairs;  leaves  thick  and  rigid  with  granutai 
roughened  and  often  a  little  revolnte  margins,  ovate  to  Ian 
eeolate,  on  sterile  shoots  linear,  about  2  cm.  long;  flower 
subsessile  opsbort-pediceled;  calyx  with  very  narrow  whitt 
membranous  sinuses  not  replicate,  the  teeth  rigid  and  sorat 
what  bisiilcate.  lanceolate  or  linear,  anicnlate;  corolla  tub 
exceeding  the  calyx;  corolla  lobes  broadly  cineate-obovati 
entire,  abont  8  mm.  long;  style  i  mm,  long,  shorter  than  th 
calyx;  ovules  solitary  in  each  cell. 
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The  short  style  and  hirsute  puhescence  distinguish  this 
,  any  of  the  otht'r  apofics  of  rhin  (;roiip.  Its  rHationahip 
iparently  with  /'.  Stansbuiiii  ntr  brrriftiHu.  Tht*  type  is 
e Herb.  Mn.  Hot.  f Jardf n ;  i-oHetted  by  E.  L.  Greene.  No. 
near  Yreka.  Siskiyou  County,  California,  May  26,  1876. 

tCorolla  tube  allgbtly  pubescent, 

D8URGENR  Torr.  Gray,  I'roc.  Am.  Acad.  8:256  (1870), 

Gray,  fiyn.  FI.  2:133. 
Oregon  and  Northern  California.  Type  locality;  "Canon 
,  Oregon," 

pecimena  examined:  Oregon;  Wm.  C.  Cuaick,  Ltnn  Co.:  Tb. 
:il.  Coast  MtB.  near  Roseburg,  1S87;  L.  F.  Hendereon,  Crow- 
:  Mte.,  GtendBle,  1S67;  MlsB  Chandler,  QlEnbrook,  18)6;  CaJl- 
i:  Mrs.  Stringer,  Selad  Valley,  Siaklyou  Co.,  1897. 

'•Suffrutescent  or  nearly  herbaceous  psrenn'als.  with  more  or 
liBtant  linear  or  lanceolate  leaves;  Qowers  In  cymose  clusters 
ittered;  calyx  with  white  membranous  elnuees  not  replicate  or 
slightly  so,  rarely  produced  Into  salient  angles;  corolla  tube 
what  hairy  near  the  base  within;  slightly  exceeding  the  calyx, 
'  twice  its  length;  style  very  short,  not  longer  than  the  ovary 
gmaa:  ovules  1  to  3  in  each  iiell. 
Ovules  solitary  in  each  cell;  corolla  lobes  usually  obcordate  or 


LNOEOLATA  U.  Sp- 

Stems  short  and  stout,  from  a  woody  base,  1015  cm, 
;  finel.T  glandular- pubescent  throughout,  pedicels  and 
t  viscid:  leaves  thick  and  rigid,  with  prominent  mid- 
and  cartilaginous  margins,  lanceolate,  the  upper  dilated 
ise,  those  on  sterile  shoots  linear,  2-4  cm.  long;  flowers 
ongested,  leafy-bracted  corymbose  clusters;  corolla 
e,  the  tube  slightly  exceeding  the  ealyx,  the  lobes 
rdate  or  only  retuse,  about  8  mm.  long;  ovules  solitary 
<'li  cell.    Washington. 

A  good  species,  characterised  by  its  broad,  thick,  rigid 
^.  its  viscid  pubescence  and  very  close  flower  clnstera. 
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Tj'pe  in  Herb.  Agr'!.  Coll.  Wash.,  collected  by  C.  V.  Piper 
Ellenburg,  Wash.  1897;  also,  by  L.  F.  Hendereoa,  Clement'i 
Mt.,  Yakima  Co.,  Wash.,  1897. 

P.  ePECIOSA  Purflh,  PI.  Am.  Sept.  1:149  (1814). 

Shrubby  at  base,  erect  in  habit,  5-10  dm.  bigh,  profiis«l.i 
flowered;  glandnlar-puberulent  or  visdd  above,  usaaltj  gla 
brouB  below;  leaves  with  more  or  leas  prorairent  cartilag 
inouB  margins  and  the  leaf  »arface  nitidoue  under  a  lens 
linear,  4-7  cm.  long,  those  on  the  sterile  shoots  abnnt  2  mm 
wide,  those  on  the  flowering  stems  broader  and  the  uppfii 
linear-attenuate  from  a  dilated  base;  flowers  in  lax  conrm 
bose  clusters;  corolla  rose-color  or  white,  the  tube  a  littt* 
exceeding  the  calyx,  the  lobes  obcordate,  8-14  mm.  long; 
ovules  solitary  in  each  cell.  Western  Idaho  and  Washing 
ton.    Ty\ie  locality;  "On  the  plains  of  the  Colnmbia," 

Speclmena  examined:  Idabo;  L.  F.  HendereoD,  JuMaetta,  Latal 
Co.,  1S95;  A.  A.  ft  B.  Gertrude  Heller.  Nez  Percee  Co.,  1S9G:  Washing 
ton;  C.  V.  Piper,  Almota,  1893,  Pullman,  1S93  and  1S94:  Sandberg  ant 
Lelberg,  Spokane,  1893;  A.  D.  B.  Elmer,  Noe.  148  and  S39  Pullman 
1896  and  1897. 

P.  RPECIOSA  SABINI  (DoagJ.)  A.  Gray.  P.  speciosa  lAndl 
rar.  g  Hook.  Fl.  Bor.  Amer.  2:72  ilRSS).  P.  sohw. 
Dougl.  in  Hook.  Kew.  Journ.  Bot.  3: 289  (1851>.  P 
apeciosa  Pursh.  var.  Rabini  A.  Gray,  Ryn.  PI.  2:1SJ 
(1878). 
Like  the  species  but  corolla  lobes  entire  or  nearly  so 

Range  of  the  species. 

SpeclmeDB  examined:    Waehlngton:  W.  H.  Hull,  Pnllman.  1S9S 

C.  V.  Piper.  Almota,  1S93:  Idaho;  I..  F.  Henderson,    "Sunny  Bluff 

near  Jullaetta,"  1895. 

P.  OCCIDENTALIS  Durand,  in  Pacif.  R.  Rep.  4: 125  flf*56: 

P.  speciosa  var.  lalifolia  Hook.  Kew.  Journ.   Bol 

3:289  (1851).     P.  divarteata  Durand,  PI.  Pratt,  ii 

Journ.  Acad.  Phila.  ser.  2,  3  (1855). 

More  or  less   shrubby  at  iMise,   1-3   dm.   high,   stem 
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ly  asBurgeut,  often  erect;'  glandnlar-pubernlent  or 
what  viscid  above,  often  entirely  glabrous;  leaves  Ian- 
te  to  linear,  3-5  cm.  long,  4-9  mm.  wide,  those  on  sterile 
s  Jinear,  about  4  mm.  wide,  flowers  in  leafy- 
ed  cloaters;  corolla  white  or  rose-color,  the  tabe  some- 
exceeding  the  calyx,  the  lobes  obcordate,  often  deeply 
i2  mm.  long;  ovnl^s  solitary  in  each  cell.  California  to 
ington.  ■  Type  locality;  "Hill-sides,  npar  DufReld's 
1,"  California. 

'his  is  intermediate  between  P.  Woodhousei  and  P. 
m,  differing  from  the  latter  in  its  broader  leaves  and 
bracted  flower  clasters.  It  is  very  common  in  Call- 
1,  and  extends  northwards  to  Washington,  while  P. 
JO  se«ms  to  be  confined  to  the  region  drained  by  the 
ibia  River. 

KCimena  examined:  California;  W.  I.  FlBber.  No.  GS6,  Son 
1876;  E.  L.  Qreeoe,  No.  767,  Treka.  Siskiyou  Co.,  1876;  G.  :  laen. 
i,  Fresco  Co..  1877;  Mrs.  H.  M.  Auettn,  Plumaa  Co.,  1877;  J.  O. 
m,  No.  37,  Mts.,  Plumas  Co.,  1879;  T.  S.  Brandegee,  Amador 
i6;  0«o.  Hanson.  Noa.  120  and  910  Amador  Co.,  ISSI,  1893  and 
Lllce  Eastwood,  Sequoia  Mills,  Fresco  Co.,  1894;  H.  E.  Brown, 
I,  SisBon,  Siskiyou  Co.,  1S97;  M.  E.  Jcnes,  Diamond  Ht.,  1897; 
EUxford,  Eldorado.  1898:  Wasblngton;  T.  S.  Brandegee.  No. 
Taklma  region  of  Cascade  His..  1S82;  W.  N.  Sukcdorf,  No.  883, 
lo.  2208,  Klickitat  Co.,  1S93;  Mrs.  W.  L.  Stelnweg.  Cascade 
194;  Kirk  Wbited,  Weuatchee,  1896. 

DDHOUBEI  (A.  Oray)  n.  ap. 

P.  nana  Torr.  in  Sitgreaves  Rep.  145  ^853).  not 
Nutt.  /•,  specioaa  ivir.  Woodhousei  A.  Gray,  Proc. 
Am.  Acad.  8:256  (lS7n). 
3w,  5-10  cm.  high,  stems  few  from  a  ligneous  base,  the 
rterile  ones  very  leafy,  the  flowering  ones  corymbosely 
led  above;  glandular  pubescent,  usually  glabrous 
;  leaves  thick  and  rigid,  those  of  the  sterile  shoots 
j-Unear,  abruptly  acute.  3-4  cm.  long,  3-5  mii.  broad, 
>f  the  flowering  stems  shorter  and  often  nearly  oblong, 
all  dilated  at  base;  flowers  few.  on  pedicels  5-20  mm. 
■calyx  about  7  mm.  long;  corolla  pink  (?),  the  tube 
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uxnally  twice  the  length  of  the  calyx,  the  lobps  cunea 
obcordate,  nsiinlly  deeply  bo,  fi-8  mm,  lonj:;  ovules  Bfiliti 
in  each  cell.  Arizona.  T^'pe  locality;  "hit,  35°,  lonp,  11 
20'," 

A  gflod  specieH,  having  a  distribution  far  removed  hi 
the  species  to  which  it  has  been  allied.  Its  small  size  a 
ohIoDg-linear  leaves  distinguish  it.  It  is  very  leitfy  at  bi 
while  the  flowering  stems  are  as  a  rule  comparatively  naki 
Specimens  exarajned  From  Arizona.:  E.  Coues  and  E.  Pals 
Nos.  122.  210.  308  and  376,  Fort  Whipple,  1865;  AnderaoTi,  Willii 
Mt..  1865;  H.  H.  RuBby,  Ash  Fork.  San  Francisco  Mtf.,  18S3;  M. 
Jones.  San  Franclaco  MtB„  1S90. 

ttOvulee  2  to  3  In  eacb  cell;  corolla  lobea  entire  or  nearly  « 

P,  TRIOVT'LATA  Thurb.  in  Bot.  Mex.  Bound,  145  (18i 
P.  nuna  tin:  glttbrUn  ;V,  Gray,  Pror,  Ara.  Ai-jid.  *:- 
(1S70). 

Stems  usually  slender,  aimple  or  very  little  branch 
1-2  dm.  high  somewhat  caneecent-pubescent  throughont 
sometimes  nearly  glnbrouB;  leaves  nearly  all  oppow 
linear.  3-4  cm.  long,  1-2  mm.  wide;  flowers  few  and  ofi 
solitary;  calyx  with  sinnses  very  slightly  replicate,  e( 
plica  often  produced  into  a  tiny  spur  near  the  base  of  i 
calyx;  corolla  "white"  or  "purplish,"  the  tube  usually  f 
brone,  somewhat  exceeding  the  calyx,  the  lohec  broai 
obovate  entire  or  erosf^denticulate.  about  12  mm.  loi 
ovules  2  or  3  in  each  cell.  New  Mexico  and  Southeasti 
Arizona,  Localities  cited  at  place  of  original  publicatii 
"Ravines,  Mule  Spring,"  "Rio  Mimbres"  and  "Escondid 
New  Mexico. 

This  is  s"fiiciently  dintinct  from  P.  nana  to  be  a  spec 
Its  slender  habit  and  narrow  leaves  at  once  separate  it  fi 
that.  The  corolla  tube  is  also  much  more  glabrous  and 
calyx  sinuses  are  inclined  to  be  a  little  replicate.  It  vai 
from  somewhat  eanescent-pubescent  to.  nearly  glabo 
Originally  it  was  descrit>ed  as  "canescently  pubescent," 
there  are  very  few  specimens  to  which  that  term  can  be 
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led.  For  that  reaBou  Dr.  Gray  placed  P.  tiioi^nlata  as 
Donyma  of  P.  nana,  and  named  the  slender  glabrafe  foini 
nana  vnr.  glabella.  Such  disposition  ia  not  fatisfattory. 
r  P.  triovvlaia  and  P.  nana  glabella  tngethiT  constitute  a 
stiuct  epecies,  having  the  same  slender  stems  and  narrow 
ives  and  differing  only  in  the  amount  of  pubcscfnce.  The  , 
■o  Diimbers,504  and  1654,whieh  Dr.Gray  citPs  as  beljn,7inu; 
the  BBioothish  variety,  are  also  cited  at  the  original  plate 
publication  of  P.  trioeuUtta,  and  a  specimen  awn  of  the 
tter  number  is  canescent-pubescent  and  has  the  tiny  spiirs* 
sntioned  in  the  description  above. 

Specimens  examined:  New  Mexico;  C.  C.  Wr'Kht,  Nob.  504  (1849) 
d  1864  (1851-52):  A.  WIsllzenus,  1846-1847;  E.  O,  Wooton,  Nos.  13! 
d  447.  Organ  MountalnB,  Dona  Ana  Co.,  No.  575.  White  Mountains, 
ncoln  Co.,  1897:  Arlscna;  J.  G.  Lemmon,  No,  415,  Ruchev  Va.ley, 
Irrfcaliua  MtB..  1881. 

NANA  Nutt.  PI.  Gamb.  153  (1848). 

Herbaceous  to  the  ground  or  somewhat  ligneous  at 
se,  1-2  dm,  high,  stems  freely  branched;  roughiah  pubes- 
nt  throughout  and  more  or  less  glandular;  leaves  spread- 
g,  opposite  below  alternate  above,  lanct'-Iinear,  oti  the 
lin  stoma  20-35  mm.  long,  ^-4  mm.  wide,  on  the  lateral 
anches  shorter  and  narrower;  flowers  scattered  or  some- 
[lat  corymbose,  on  pedicels  5  35  mm.  long;  cnlyx  tret'i 
ghtly  longer  than  the  tube,  green  and  npiculate;  corolla 
ed"  or  "white."  the  tube  pubescent,  somewhat  exceeding 
e  calyx,  the  lobes  broadly  runeate-obovale.  entire  or  with 
xvj  margins,  often  mucronate,  about  15  mm.  long;  ovnles 
or  3  in  each  cell.  Common  in  New  Jlexico,  also  in 
rizoDB. 

Specfmena  examined:  New  Mexico;  A,  WIs'lzenuB.  Las  Vegas, 
(6;  A.  Fendler,  Santa  Fe  Creek  Valley.  1847;  T.  S.  Brandegee. 
nta  Fe  Co.,  18T9;  George  Enslemann,  "Hllla  and  mountair  sides 
out  Santa  Fe  and  aandy  soil  along  Senta  Fe  Creek,"  1S81 :  A.  A. 
E.  Gertrude  HelTer,  "Canon  near  Santa  Fe,"  1897:  Arizona;  J. 
.  Blaaklnship.  FlagBtaff,  1893. 

■***  Annuals:  calyx  teeth  spreading,  linear  or  subulate -Ian  ceo)  ate. 
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setaceous-tipped,  with  age  'becoming  recurved  and  split  to  the  base 
or  nearly  so;  corolla  tube  hairy  near  the  base  within;  style  not 
longer  than  the  stigmas;  ovules  1-5  in  each  cell.    All  Texan. 

tCorolla  tube  pubescent,  exceeding  the  calyx;  ovules  solitary  in 
each  cell. 

P.  ASPEEA  n.  sp 

Annual  (?)  branched  from  the  base,  12-17  cm.  high,  the 
stems  simple  and  strict  with  opposite  leaves  up  to  the  close 
cymose  clusters  of  short-pedl celled  flowers;  pubescen 
throughout  with  short  rigid  hairs,  the  stems  puberulent 
and  with  some  longer  spreading  hairs,  the  j  edicels  and 
calyx  glandular;  leaves  narrowly  lanceolnte  to  linear,  20- 
45  mm.  long,  3-5  mm.  wide,  somewhat  rigid  and  of  firm  tex- 
ture; calyx  teeth  more  or  less  purple,  about  twice  the  length 
of  the  tube,  setaceous-tipped;  corolla  violet  (?),  the  tube 
glandular-pubescent,  nearly  twice  the  length  of  the  calyx, 
the  lobes  cnnate-obovate,  mucronate-acute,  12  mm.  long; 
ovules  solitary  in  each  cell.    Texas. 

A  well  marked  species,  readily  distinguished  from  P. 
Drummondii  by  its  habit  and  entirely  different  character  of 
pubescence.  Type  in  Herb.  Mo.  Bot.  Garden;  collected  by 
A.  A.  Heller  at  Kerrville,  Kerr  County,  southern  Texas, 
April  19-25,  1894. 

P.  DRUMMONDII  Hook.  Bot.  Mag.  t.  3441.     Gray,  Proc. 

Am.  Acad.  8:257.    Gray,  Ryn.  Fl.  2:134. 

Texas. 

Specimens  examined  from  Texas:  Lndheia:ier;  "Smdy  tribu- 
tary of  Mill  Creek."  1839;  1843;  No.  275,  1844:  Nob.  426  and  42 ^  Vic- 
toria, 1845;  1847;  No.  425.  Victoria,  1848. 

P.  DRUMMONDII  VILL0SIS8IMA  A.  Gray,  Proc.   Am. 
Acad.  2:257  (1870).    Gray,  Syn,  Fl.  2:134. 

Type  locality;  "Texas,  in  the  pebbly  bed  of  the  Nueces," 
A.  A.  Heller's  specimens  from  Neuces  Bay,  Neiic€^  Co.-, 

March  12,  1804,  is  doubtfully  referred  here,  notwitstandinjr 

its  lack  of  viscositv  and  its  smaller  flowers. 


»  V 


Western  North  Ameriean  Pkloxeii.  35 

sums  (A.  Qnj)  n  sp. 

P.  Drummondii  rar.  tenuU  A.  Gray.  Proc.  Am.  Avail. 

8: 257  (1870).    Gray,  8yn.  Fl.  2: 134. 
Type  lot-ality;  "Eaatern  Texas." 

This  should  have  epeciflc  rank.  It  ia  very  diBtinct  from 
rummondii  and  no  intermediate  forms  have  been  Been, 
a  much  smaller  plant,  entirely  devoid  of  coarse  villoiin 
I  and  only  slightly  pubescent  or  glabrate. 
pecimeuB  ex&mliied  from  Texas:  F.  Undhelmcr,  Victoria,  1S45 
ral  specimen b)  1  B.  Hall,  Hempetead,  Eastern  Texas,  1872,  No. 
C.  Wright.  No.  11,964. 


EOEMERIAXA   Scheele,   Linnaea,   21;  752   {1848).     P. 

maeraniha  Buckley,  Proc.  Acad.  Phila.  p.  5  (1862). 

Gray,  Proc.  Am.  Acad.  8:257.    Gray,  8yn.  FI.  2: 134. 
rexas. 

peclmens  examiaed:     F.  Undbelmer.  No.  467,  Camale  Spring. 
No.  68,  San  Antonio,  1846;  New  Braunfela,  184S. 
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PHLOX, 
adsurgent  Torr.  4,  29 
■Ibomarginata  Jones  16 
albomarginBta  minor  Jonet  16 
alyssifol^  Greene  5 
andicola  (Briii.)  Elias   Nelsoo  II. 

aspera  Elias  Nelson  34 
auitromontana  CoviMc  4,   12.  19 
auitromontana    proalrata  Elias 

Nelson  12,  19 
bryoides  Nuit.  9 
caeapltoaa  Nun.  11,  14.  15,  iS 
cacspilostt  condensala  A.  Gray  13 
caeapitoia    rigida    (Bentfa.)     A. 

baneicensT.  &  G.  4,  10,  11 
c«rnua  Elias  Nelsi>n  22 
condensata  (A.  Gray)  Eliai  Nel 

son  13.  iS 
condensata    Henderson!      Elias 


Nclso 
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Covillei  Elias  Nelson  4,  16 
dtfTuaa  Benth.  IB,  18 
divaricala  DutadcI  30 
dolicantha  A.  Gray  4,  28 
DouKlaiii  Hook.  3,  11,  17,  19 
Douglasii  andicola  Brill.  11 
Douglasii  diHuca  A.  Gray  16,  iS 
Douglasii  longifolia   A.  Gray  II,  12, 

iS,  30 
Drummondii  Hook.  34,  35 
Drummondii  lenuis  A.  Gray  35 
Drummondii     villotiasima     A. 

Gray  34 
gladiformia  (Jones)  Elias   Nelson 

4,21 
hirsuta  Elias  Nelson  28 
Hoodii  Rich,  g,  10,  11,  13 
Hoodii  glabrata  Elias   Nelson    II 
humilis  Dougl.  25 
KeUeyi  Briti.  21,  21 
lanceolata,  Elias  Nelson  29 
linearifolia   (Hook.)  A.   Gray    4, 

22,  23,  24,  25 


loogifolia  brevifolia  A.  Gray  17 
longifolia  gladiformis  Jones  II 
longifolia  puberula  Elias  NeUm 

26 
longifolia  Stansburyi  A.  Craj  14. 

16 
iiiacranlba  Buckley  35 
multiflora  Aven  Nelson  13,  20 
multiflora   depresia   Elias  M 

son  20 
muscoides  Null,  g,  10 


a  Nun. 


,3>.3 


nana  glabella  A.  Gray  33,  3J 
nana  Torr.  31 

occldentalis  Durand  4,  30 
Piperi  Eltas  Nelson  18 
Richardaonii  Hook.  5 
rigida  Benlh.  15 
Ro«meriana  Scheele  36 
"iabini  Dougl.  30 


SIbiri 


il.. 


1  Lindl.  13 
speciosa  i  Hook.  25 
speciosa  g  Hook.  30 
speciosa  linearifolia  Hook,  i; 
speciosa  Slansburyi  Torr.  26 
speciosa  Pursh  4,  30,  31 
speciosa  latifiilia  Hook.  30 
speciosa  Sabini  (Dougl.)  A.  On 

30 
speciosa  Woodhousei  A.  Cray  31 
Stansburyi  iTorr.)  Heller  4,2s,  2 
Stansburyi   brevifolia  (A.  Gn; 

Ellas  Nelson  27,  ig 
tenuifolia  Elias  Nelson  4.  27 
tenuis  (A.   Gray)  Elias  Nelson  3 
triovulata  Thurb.  ^,  32,  33 
virida  Elias  Nelson  24 
viscida  Elias  Nelson  24 
Woodhousei  (A.  Gray)  Elias  K- 
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hereby  submit  the  ninth  annual  report  for  the  Wyo- 
^grii-ultural  Experiment  Station  in  compliancL'  with, 
ssional  enactment.    The  report  covers  the  work  of 
ation  during  the  fiscal  year  ending  June  30,  1899. 
ORiaUt  AND  PtTRFOSE. 

Wyoming  Agricultural  Experiment  Station  is  the- 
ment  of  research'  of  the  College  of  Agriculture  of 
Qivereity  of  Wyoming.  Congress  in  1887  appropri- 
15,000  annually  for  this  purpose,  and  on  January  10, 
he  Wyoming  Legislature  authorized  the  University  of 
ing  to  receive  this  appropriation.  The  work  of 
ation  is  to  aid  in  the  acquiring  and  diffusing  among 
>ple  of  the  United  States,  and  especially  of  Wyoming, 
and  practical  information  on  subjects  connected  with 
Iture,  to  conduct  scientific  investigations  and  exper- 
I  on  the  physiology  of  plants  and  animals;  to  inves- 
animal  and  vegetable  diseases  and  parasites;  to  chem- 
analyze  soils  and  water  and  vegetable  and  animal 
rts;  to  acclimate  grains  and  grasses,  fruits  and  vege- 

to  our  arid  climate  and  high  altitude ;  to  ascertain  the 
lethods  of  irrigation,  and  of  retaining  the  moistare 

soil ;  to  find  the  best  breeds  of  stock,  and  the  beat 
es  of  field  and  garden  crops  for  the  various  portions 
oming;  and  to  carry  on  any  other  experiments  which 
le  to  benefit  our  agricultural  and  grazing  interesta. 
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The  pesults  of  these  experiments  are  published  in  the  Stat 
Bulletins,  which  are  sent  free  upon  request  to  residents 
this  State. 

BDUiETIMS. 

The  bulletins  published  during  the  year  1898-99  hi 
been  four  in  number,  the  title  and  a  brief  summary  of  ei 
being  given  below.  These  bulletins  have  been  rath«r  p 
ular  reports  of  the  investigations  by  the  station.  Ot! 
more  technical  papers  are  published  as  a  part  of  this  r^ 
and  are  as  follows:  "Alkali  Studies  III,"  "Alkali  Stud 
IV,"  "Meteorology  for  1898,"  These  are  detailed  report! 
scientific  investigations  and  observations. 

The  bulletins  are: 

NO.  38.    CIXTIVATBD    SHADE    AND   POHEST   TRBBS. 

This  bulletin  contains  a  report  of  all  the  experime 
in  growing  shade  and  fruit  tree  which  have  been  made 
the  Station.  It  shows  what  trees 'may  be  expected  to  ( 
ceed  in  different  parts  of  the  State  and  contains  a  brief 
count  of  some  troublesome  insect  enemies  of  our  trees, 

NO.   89.    ALKALI   STUDIES   II. 

This  is  a  somewhat  popular  report  of  the  alkali  invE 
gations  in  the  Departments  of  Chemistry  and  Agriculti 
It  gives  a  condensed  account  of  some  of  the  experime 
which  are  reported  in  detail  in  the  technical  papers, 

>0.  40.     THB  TRUBS  OF  WYOMING  AND  HOW  TO  KNOW  TB 

This  report  gives  an  account  of  all  the  trees  found 
tive  in  the  State,  with  such  simple  descriptions  and  illas 
tions  as  will  enable  anyone,  whether  he  be  a  botanical  ; 
dent  or  not,  to  recognize  the  different  species.  The  Ball' 
shows  the  value  of  our  forests  and  the  need  of  conaen 
them.  It  appeals  to  the  people  to  make  the  home  more 
tractive  by  planting  trees,  and  is  intended  to  awaken  an 
terest  in  the  subject  among  the  teachers  and  schools  of 
State. 
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INDBX  BVLLBTIN   B. 

rhis  is  a  general  index  showing  all  Bulletins  wbicb 
been  issued  up  to  thebegiDDlng  of  the  present  fiscal 
and  indexing  RuUetiuB  27  to  37  inclusive. 
PLAHS  OF  STATION  WORK  FOB  1P99-1900. 
tie  following  plana  foi'  the  season  of  18991900  have  been 
stated.  It  will  be  seen  that  most  of  them  look  to  car- 
r  out  the  new  poli<',v  of  the  Station.  They  were  recom- 
led  b,v  the  Station  Council  and  approved  by  the  Agrl- 
iral  (Committee  of  the  Board  of  Trustees, 

THK  ACRICI'LTl'BIST  AND  HORTICULTURIST. 

Irrigation  investigation. 

a.  ("o-oj^pration  with  the  Department  in  measure- 

ments of  water  on  farms. 

b.  Measurements  of  water  used  on  Experiment 

Farm. 

c.  Plat  experiments,  different  amounts  of  water  on 

the  same  crop. 

d.  Notes  on  sub-irrigation. 

e.  Evaporation. 
AHtali  investigations. 

a.  In  the  field — Effect  of  irrigation. 

Effect  of  green  manures. 
Economic  plants  on  alkaJi  soil. 

b.  In  the  laboratory. 
Roil  work. 

a.  Permanent  soil  plat;  same  crop  year  after  yeaf. 

b.  Crops  with  and  without  cultivation. 

c.  Crops  with  and  without  rotation. 

d.  Alfalfa  as  a  fertilizer. 
Cereals. 

a.  Varieties  of  small  grain. 

b.  Plat  work  including  co-operation  with  the  De- 

partment of  Agriculture  with  Russian  varie- 
ties. 
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5,  Forage  f'ropa — Cultivated  aad  Dative,  iDclnding 
operation  with  the  Department  of  Agricnhi 
a.  Potatoes — With  fertilizer — get-ond  Beason. 

7.  Horticulture. 

a.  Hard^-  fruits  at  Laramie  and  fruit  notes  at  I 

der  and  Hheridan. 
h.  Celery  (varied  treatment), 
e,  Garden — small  amount  of  variety  work. 

d.  AsparaguB  on  alkali  and  good  land. 

e.  Pedigreed  potatoes. 

f.  Native  trees  and  shrubs  for  deeoration. 

g.  Floriculture  for  deeoration. 

8.  Fore«tr.v — f'o-operative    with    Division    of   Pores 

9.  Notes  on  injurious  inaects  and  collections. 

10.  Varieties  of  wheat  at   Laramie,  Lander  and  81 

dan. 
Approved  by  the  Station  Council  April  6, 1899. 
B.  C.  Buffum. 
Agriculturist  and  Horticulturist. 

THE   BOTAMIflT. 

1.  The  contiouatioQ  of  the  field  work  and  accumula 

of  data  upon  the  subjects  heretofore  un 
taken  but  as  yet  not  completed.  (As  g 
for  1899.) 

2.  A  co-operative  study  of  alkali  In  its  relation  to  p 

life. 
(1)      TTie  comparative  structure  of  alkali  resis 
and  non-n'sistant  vegetation. 

(a)  External  characteristics. 

(b)  Histology. 

3.  Experiments  with  promising  forage  plants. 

(1)  For  normal  soils. 

(2)  For  alkali  soils. 
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Effect  of  alkali  on  germination  of  seeds. 
A.Da];BiB  of  soil  and  alkali. 
.\Dalysi8  of  alkali-resisting  plants. 
Analysis  of  irrigation  water. 

THE  GEOLOaiBT. 

Completion  of  the  preHminar.v  bulletin  on  the  ar- 
tesian basins  of  the  State. 
rhe  origin  of  alkali. 

(1)  The  geological  location  of  these  salts  and  their 
relation  to  the  various  terranes, 

(2)  The  waj  alkali  finds  its  way  into  the  soils. 

(3)  Preventing  further  accumulation  if  possible. 
VA'ind  erosion  and  its  relation  to  soil  formation  in 

the  arid  districts. 
Fo  complete  the  preliminary  work  on  the  birds  of 
Wyoming  and  arrange  notes  for  pablication. 

THE  PHYSICIST  AND  MBTEOROLOOIST. 

["apillary  movements  of  water  in  soils. 

Evaporation  from  soils. 

Continuation  of  the  work   of   making  observations 

and  co-operating  with  the  State  and  United 

Btates  Weather  Service. 
Observations    on    the    precipitation    from    as    many 

places  in  the  State  as  possible. 
Jbservations   upon   the  direction   and   force  of  the 

air  currents  at  Laramie. 
Study  of  terrestrial  radiation  and  sunshine. 
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Report  of  the  Station  Council. 

REPORT  OF  THE  DIREOTOR. 

The  writer  of  this  report,  E.  E.  Smiley,  succeeded  F. 
Graves  as  President  of  the  University  of  Wyoming  and  I 
rector  of  the  Agricultural  Experiment  Station,  July  I 
1898. 

aOVBRNHBNT. 

I  deem  it  heat  to  say  somethings  concerning  the  govei 
ment  of  the  Station,  aa  this  seems  to  have  been  nowhere  i 
plained  in  previous  reports.  The  government  of  our  Ag 
cultural  Experiment  Ktation  is  vested  in  the  Trustees  of  t 
University  and  the  Agricultural  Executive  Committet' 
the  Board,  whose  names  appear  on  a  preceding  page.  1 
oflScers  of  the  Station  are  a  director  and  a  secretary,  k 
together  with  the  heads  of  the  different  departments  in  h 
any,  chemistry,  geology,  physics  and  meteorology,  comp< 
the  Station  Council ;  which  body  passes  on  all  matters  \ 
taining  to  Station  work  in  the  way  of  experimentation  b 
research,  and  makes  recommendations  to  the  Agriculto 
Executive  Committee.  All  plans  of  work  by  the  heads 
departments  are  first  discussed  and  accepted,  modified 
rejected  by  the  Station  Council ;  this  system  insures  the 
operation  of  the  staff  of  Station  workers  and  prevents  si 
tered  work  and  misapplied  effort.  Again,  alt  bulletins  p 
lished  by  the  Station  are  first  read  before  the  Station  Co 
cil  and  each  member  is  free  to  criticise  any  questions 
point  of  fact,  extravagant  statement  or  the  general  arrat 
ment  of  the  matter;  and  finally  the  bulletin  may  be  eil 
adopted  and  recommended  to  the  Agricultural  Exwui 
Committee  for  publication,  or  it  may  be  returned  for 
vision,  or  be  entirely  rejected.  Such  baa  been  the  gem 
policy  governing  the  Station  since  its  organization;  and 
fact  that  the  workers  have  been  a  unit  force,  and  so  h 
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1  combined  ataek  on  the  important  agricultural  prob- 
-om  all  sides  at  the  same  time,  has  contributed  largely 
r  success  heretofore. 

OBJBCT. 

le  study  and  research  of  the  Station  are  made  as  prac- 
i  possible,  and  have  to  do  with  the  problems  which  in 
injon  are  of  most  importance  to  the  farmers  of  the 
For  example,  the  subject  of  irrigation  and  the  alkali 
n  have  been  given  much  attention.     At  the  present 

0  far  as  we  can  we  are  co-operating  with  the  Depart- 
if  Agricultnre  at  Washington  in  the  new  irrigation 
mag  done  under  the  direction  of  Mr.  Elwood  Mead, 
18  been  for  a  number  of  years  the  eflicient  State  En- 
of  Wyoming,  and  is  now  connected  with  thp  office  of 
ment  Stations.  The  results  of  our  work  are  being 
led  from  time  to  time.  The  carefully  prepared  bulle- 
ised  as  they  are  upon  as  thorough  work  as  we  can  do, 
;red  to  the  people  with  the  belief  that  they  contain 
5  but  reliable  information,  upon  which  the  greatest 
ence  may  be  placed, 

e  widely  scattered  population  of  the  state  has  made 
Bt  impossible  for  the  Station  to  come  into  direct  cou- 
th our  farmers.  The  farming  communities  are  natu- 
)cated  in  the  places  most  favorable  to  agriculture, 
'  sometimes  separated  from  one  another  by  mountain 
and  long  distances;  and  with  the  funds  at  our  com- 
ind  the  small  number  of  our  Station  workers  it  has 
leemed  impracticable  to  do  any  general  farmers'  in- 
work.  However,  when  the  time  comes  that  it  is  pos- 
r  UB  to  engage  in  this  kind  of  work,  we  shall  be  glad 
rtake  it ;  because  we  believe  it  will  prove  most  valu- 
bringing  the  farmers  and  our  Station  into  closer 

1  with  each  other.  The  Station  workers  would  then 
better  acquainted  with  the  farmers'  needs,  and  the 

4) 
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information  offered  by  the  Station  could  be  better  broagh 
before  the  attention  of  the  farmers. 

FARM. 

In'JiiIv  the  Station  was  inspected  by  Dr.  A.  C.  Trui 
Director  of  Experiment  Stations,  who  made  Bome  valnabt 
Buggeations  in  regard  to  the  enlargement  of  our  Experimei 
Farm  at  Laramie,  in  order  that  irrigation  experimeul 
might  be  more  extensively  carried  on.  Accordingly  ot 
original  forty  acres  have  been  increased  by  a  donation  of  a 
additional  eighty  acres  of  land,  with  water  right  for  tl 
Bamo.  from  the  Wyoming  Central  Land  and  Improvemei 
Company.  This  land  is  presented  to  the  Station  to  be  he! 
so  long  as  it  used  for  experimental  parposes,  and  fills  a  lot 
felt  want  in  supplying  land  for  irrigation  on  an  adeqna 
scale  to  furnish  results  of  value  to  the  arid  west.  This  lai 
has  been  fenced  and  forty  acres  plowed  and  put  into  cro 
this  year. 

The  Station  buildings  are  a  small  flve-room  cottage, 
tool  shed,  and  a  shed  used  as  a  barn  at  the  farm;  and  a  ba 
and  green-house  on  the  TTniversity  grounds.  The  farm 
well  equipped  with  implements  and  all  needed  macbinei 
The  great  need  of  the  Station  is  a  good-sized  barn  in  whi 
to  store  farm  implements  and  grain,  and  to  provide  room  I 
threshing  and  winnowing  of  seeds  indoors.  With  only  I 
amount  which  can  be  used  each  year  for  building  purpoi 
from  the  Hatch  fund  (|750)  it  is  not  possible  to  build  m< 
than  in  a  very  small  way,  and  it  would  seem  that  the  St 
will  need  to  make  some  provision  in  the  near  future 
more  commodious  buildings  for  the  Station.  In  case  w< 
is  ever  begun  in  animal  industry,  it  will  be  necessary  to  i 
to  the  buildings  at  considerable  cost.  When  the  vote  of 
last  Legislature  shall  have  been  carried  into  effect  and 
present  buildings  in  Laramie  now  occupied  as  a  pieni 
tiary  shall  have  been  abandoned  for  the  new  state  build 
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iwlins,  will  it  not  be  practicing  a  wise  ecoDomy  for  the 
Legielatare  to  turn  over  the  old  grounds  and  buildings 
to  the  State  Agricultural  College  of  the  Universitj  of 
ning? 

SUB-STATION  B. 

rbe  Saratoga  and  Wheatland  farms  have  reverted  to 
iriginal  donors  and  the  permanent  improvements  on 
farms  have  been  eoJd  for  what  they  would  bring.  The 
ance  farm  is  still  held  by  the  University,  but  it  has  not 
;d  possible  to  rent  the  place  and  it  is  standing  still 
lut  cultivation  or  the  care  it  should  have.  This  farm 
d  be  rented  or  disposed  of  as  soon  as  possible;  for  it  is 
oing  to  be  creditable  to  the  institution  to  have  a  farm 
it  or  any  other  section  of  the  state  growing  up  to  weeds 
H-ith  the  buildings  and  fences  fast  becoming  dilapi- 

'he  Lander  farm  has  been  rented  to  Mrs.  J.  S.  Meyer, 
htte  paid  a  small  cash  rental  in  advance;  and  who 
8  to  seed  down  ten  acres  to  alfalfa,  and  to  care  for  the 

keeping  notes  on  the  same.  It  is  with  regret  that  we 
i  the  death  of  Mr.  J.  S.  Meyer,  who  has  been  connected 

the  Station  since  its  organization  as  Superintendent 
i  Lander  farm. 

'he  Sheridan  farm  has  been  rented  again  to  Mr.  Qeorge 
lelter  for  a  small  cash  rental  with  the  onderstanding 
le  is  to  do  certain  co-operative  experimental  work,  fur- 
'eports  of  the  fruits  growing  on  the  place,  and  keep  the 
B  and  buildings  in  repair. 

t  is  hoped  that  at  least  the  farms  at  Lander  and  Sheri- 
lay  in  time  receive  sufficient  support  from  the  state  to 
up  valuable  experimental  work  in  those  places.  In  a 
er  of  states,  notably  California,  the  state  legislatures 
de  funds  for  the  support  of  several  outside  Station 
i;  and  it  wonid  seem  that  a  small  amount  appropriated 
lis  purpose  would  bring  good  returns  to  the  people, 
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and  besides  would  ehow  our  good  faJth  in  receiving  the 
geueroas  donation  from  the  federal  government  througli 
the  Hatch  fund. 

BtLLUTINS. 

.I>uring  the  past  year  an  important  change  has  been 
made  by  the  Station  in  the  matter  of  its  publicationB.  Ii 
has  been  decided  to  make  the  bulletins  that  are  publishec 
for  distribntioD  more  popular  in  their  nature,  and  such  ai 
will  better  meet  the  demands  of  our  own  farmers  bj  giviof 
them  practical  information.  Already  this  change  seems' ti 
have  met  with  general  approval.  These  more  popular  bul 
letins  as  they  are  published  are  not  now  sent  to  all  tb 
names  on  our  mailing  list  throughout  the  United  States 
but  they  are  widely  distributed  among  the  people  of  th 
state  of  Wyoming.  It  should  be  said,  however,  that  th 
bulletins  will  Anally  reach  every  name  on  our  official  lisl 
for  the  reason  that  they  will  be  bound  in  with  our  annaa 
report,  which  is  usually  sent  the  rounds.  Consequently  th 
purely  technical  papers  will  be  published  hereafter  only  a 
part  of  our  annual  report,  and  will  not  be  for  general  diBtr 
bution  as  in  the  past 

A  description  of  our  laboratories  in  the  several  depar 
meats  of  physics,  chemistry,  botany,  horticulture  and  agi 
culture,  has  already  been  given  in  connection  with  our  a 
count  of  the  Agricultural  College  on  a  preceding  page. 

Our  library  is  fast  growing.  All  bulletins  sent  us  froi 
other  stations  are  saved,  and  as  complete  sets  are  obtaioE 
in  sufficient  number  to  make  a  volume  they  are  bound  i 
cloth. 

BEPOBT  OF  AORICULTUKIST  AND  HORTtOUI.TUBIST. 

The  bulletins  issued  from  this  department  during  tl 
year  were  No.  .18,  "Cultivated  Shade  and  Forest  Trees"  ai 
jointly  with  the  department  of  chemistry  bulletin  No.  S 
"Alkali  Studies  II."    A  bulletin  has  also  been  prepared  f 
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tation  giviug  the  resnltx  of  a  three  year  test  in  snbsoll- 
ut  its  publication  has  heen  deferred  until  September, 
irrigation,  reeord»  and  notes  which  hare  accumulated 
1S92  have  been  collated;  the  amount  df  water  used  b,v 
tationa  at  Laramie  and  Wheatland  and  on  the  farm  of 
.  Sigman  near  Laramie  has  been  computed  from  the 
ter  sheets,  and  a  bulletin  on  "iJutv  of  Water"  has  been 
ired  for  the  I'.  S.  Department  of  Agriculture, 
'he  teaching  in  the  agriculture  college  and  university, 
Inties  as  Vice  Director  maiie  it  possible  to  devote  only 
jf  the  time  to  research  work.  Heretofore  it  has  been 
ically  impossible  to  keep  ahead  of  the  mass  of  notes 
ecordswhich  accumulate  from  year  to  year.  The  past 
the  position  of  students  in  the  courses  has  been  such 
the  teaching  has  not  been  as  heavy,  consisting,  as  it 
>f  two  hours  in  the  fall  and  winter  terms  and  one  hour 
;  spring  term,  so  special  attention  was  given  to  work- 
p  our  records,  and  putting  the  notes  in  more  perma- 
and  available  form.  The  crop  record  for  1898  is  not 
leted  but  as  a  whole  the  notes  have  been  more  nearly 
;1U  up  to  date  than  for  a  number  of  years  past.  Mr, 
<„'ld  devoted  the  larger  part  of  his  time  during  the  win- 
oDths,  to  this  work  which  consisted  of  sifting  out  and 
ging  the  notes  taken  in  day  books,  computing  areas 
ieJds,  and  assisting  with  the  computations  of  flow  of 
,  to  determine  the  amount  used  on  different  crops, 
'he  fact  that  the  field  of  labor  nomiually  covered  by 
'partment  is  too  broad  has  long  been  recognized.  The 
iment  of  a  man  who  claims  to  be  a  specialist  in  several 
hes,  naturally  falls  under  suspicion  among  scientists 

0  relieve  the  odium  of  such  a  position  it  would  seem 
:o  state  briefly  the  conditions  under  which  we  labor, 

1  enable  me  to  look  after  several  departments  and  do 
it-ally  nothing  in  more  than  one  or  two  lines  of  inves- 
on.      Agriculture  in  Wyoming  is  still  very  new  com- 
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pared  with  that  of  older  states.  The  population  is  scatter 
ed  and  the  range  stock  induHtriea  are  etill  paramount  to  al! 
others.  There  are  comparativelj  few  calls  on  the  time  ol 
the  station  workers  from  other  parts  of  the  state  and  eact 
head  of  a  department  may  follow  his  investigatioDB  witl 
comparatively  Jittle  interference  from  extraneous  sonrces 
Ab  yet  the  station  workers  have  not  been  called  upon  to  d( 
any  farmers  institute  work.  During  the  history  of  the  Bta 
tion  but  one  paper  has  been  prepai-ed  for  a  farmer's  insti 
tute  and  the  writer  of  the  paper  did  not  present  it  at  tbi 
meeting.  True  there  is  considerable  correspondence  witl 
farmers  on  the  subjects  of  importance  to  them  but  up  to  tin 
present  time  few  inquiries  have  heen  received  which  calle< 
for  extended  investigation  or  experimentation  before  the; 
could  be  answered. 

As  agriculturist  and  horticulturist  I  have  charge  of  al 
the  work  which  falls  to  those  department?.  A  claim  tha 
I  am  a  specialist  in  all  the  divisions  of  agriculture  and  boi 
ticulture  would  indicate  a  pitiable  state  of  ignorance,  t 
those  who  realize  what  such  a  statement  would  meai 
However  I  am  able  to  keep  these  departments  alive  by  onl 
giving  attention  to  those  things  which  promise  to  be  o 
greatest  immediate  value  to  onr  farmers.  Bat  little  hoi 
ticulture  exists  in  our  state.  There  are  probahly  not  to  ei 
ceed  one  hundred  acres  planted  to  fruit  of  all  kinds  an 
nothing  is  done  of  commer<-ial  importance  in  fruit  growint 
On  account  of  the  very  newness  of  things  there  are  no  se 
iouB  insect  enemies,  and  as  yet  what  insects  of  economic  in 
portance  have  appeared  are  well  understood  and  easy  1 
combat.  On  account  of  this  same  newness,  and  the  natun 
fertility  of  arid  lands  the  applicati6n  of  fertilizers  has  m 
required  attention  and  even  crop  rotation  is  only  beginnii 
to  receive  attention.  In  agriculture  we  have  given  almoi 
no  attention  to  any  phase, of  live  stock  or  dairy  work,  Tl 
salts  in  the  Boil,  irrigation  and  cropping  are  the  subjec 
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have  received  special  attention  anil  while  the  work- 
rce  haB  been  small  we  believe  eomething  is  beiag  ac- 
ished  of  immediate  value  to  oar  farmers.    The  teach- 

the  agricultnral  college  and  univetsity  requires  con- 
blf  time  and  interferes  with  the  original  research  work 
:han  any  other  required-duty. 

plans  of  work  for  last  season  as  given  in  the  eighth 
I  report  were  fully  carried  out,  Bometfaing  being  done 
:h  line  indicated.  Last  season  was  the  third  year  of 
b-8oi]  experiment,  a  report  of  which  will  be  made  in 
xt  station  bulletin.  The  permanent  soil  work,  as  es- 
led  for  several  years,  consists  of  two  plats,  one  of 
is  planted  to  grain  eacb  year  and  the  other  planted  in 
nt  crops,  follo^ring  a  four  years  rotation.    Th^  grain 

beginning  to  show  the  effects  of  planting  to  the  same 
ear  after  year.  Either  the  land  or  the  seed  is  running 
d  to  determine  which  is  the  case  a  change  of  seed  will 

Ml. 

ur  stndy  of  varieties  of  small  grains  has  probably 
arried  out  as  far  as  will  be  profitable.  As  many  varie- 
'  wheat,  oats  and  barley  as  could  be  obtained  have 
:rown  in  small  amounts  for  several  years.  The  work 
^en  expensive  as  each  individual  variety  requires  its 
pecial  care  and  complete  record  and  all  have  to  be 
I  and  selected  to  keep  the  seed  pure.  We  believe  we 
lect  those  varieties  of  greatest  promise  for  this  state 
■ow  in  larger  fields  for  a  few  years  to  obtain  sufficient 
it  of  seed  to  give  our  farmers  a  start  in  them.  The 
promises  to  be  of  considerable  value.  Our  high  al- 
and unusual  conditions  of  soil  and  season  make  the 
■  to  be  grown,  and  its  adaptability,  of  considerable 
ance.  Earliness  is  a  prime  necessity  in  both  oats  and 
and  a  shortening  of  the  necessary  season  for  grain 
ture,  of  a  week  or  ten  days,  insures  plump,  heavy 
instead  of  a  frosted,  shrunken,  inferior  product. 
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Perhaps  the  most  important  of  all  our  work  in  croppi 
is  tliat  with  forage  plants.  The  amount  of  land  which  c 
be  irrigated  is  umall  compared  with  the  land  which  mi 
always  serve  as  {msturage  iu  this  state.  Such  conditio 
must  ultimately  fix  a  system  of  mixed  faimlng  in  wbi 
stoekraisiDg  will  be  the  main  object  and  the  growing  of  h 
and  other  stock  food  on  the  irrigated  land  undoubtedly  n 
always  be  the  principal  paii:  of  our  plant  production.  Wl 
then  can  the  station  do  which  will  be  of  greater  value  to  t 
state  than  to  demonstrate  how  two  blades  of  grass  can 
made  to  grow  where  only  one  grew  before?  So  far  as  ■ 
have  determined  the  forage  which  will  resist  drouth  betl 
than  any  other  is  the  Sanfoiu  or  Esparaette,  The  on 
which  resist  alkali  best  are  the  White  Sweet  clover  a 
English  i-upe  and  the  best  all-round  hay  crop  even  at  t 
altitude  of  the  experiment  station  {7,200  feet)  is  alfalfa  ^ 
falfa  produces  from  two  to  four  times  as  much  as  any  ii 
gated  native  grass.  It  solves  the  foxtail  or  any  other  w* 
problem  and  keeps  up  the  land  so  large  crops  of  grain 
potatoes  can  be  raised  without  other  fertilizing.  The  ni 
Turkestan  alfalfa  introduced  by  the  TTnited  States  Depa 
ment  of  Agriculture  seems  to  stand  the  winters  and  droi 
better  than  the  variety  generally  grown.  During  the  pi 
winter  none  of  the  Turkestan  alfalfa  died  while  all  the  otl 
fields  suffei'ed  more  or  less.  At  Laramie  our  average  yii 
of  alfalfa  per  acre,  for  three  years  past,  has  been  over  thi 
and  one-half  tons  and  plats  in  which  the  stand  has  be 
best  yield  over  four  tons  of  cured  hay.  On  account  of  I 
short  season  we  can  only  cut  alfalfa  twice,  and  the  secc 
cutting  is  usually  hut  a  partial  crop. 

The  flat  i»'a  (Lathyrus  sylvestris)  grows  well  and  s.'e 
perfectly  hardy,  but  there  are  two  or  three  serious  obj 
tions  to  it.  First,  it  takes  thr^'e  or  four  years  to  get  it 
produce  a  heavy  crop;  sei-ond,  the  i-oots  are  so  tough  8 
deep  seated  that  it  is  almost  impossible  to  get  it  out  of  i 
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ind  third,  we  have  been  unable  to  make  stock  eat  the 
This  last  objectioo  to  the  flat  pea  is  also  the  aeriouB 
th  White  Sweet  clover,  though  it  is  claimed  by  people 
h  and  in  Uississippi  that  stock  can  be  educated  to  eat 
clover  hay.  We  have  thought  the  hairy  vetch  a  prom- 
lay  crop  but  nearly  all  of  it  was  killed  by  the  past  se- 
inter. 

le  alkali  and  irrigation  investigations  hare  been 
I  of  elsewhere.  Co-operative  tests  with  sugar  beets 
iscontinued  this  season  as  we  believe  the  station  baa 
ill  the  work  with  sugar  beets  which  circumstances 
it  at  present.  Our  experiments  with  fruits  at  Lara- 
jve  that  strawberries,  currants  and  dewberries  can  be 
for  home  use.  Other  fruits  have  not  succeeded.  The 
er  experiment  carried  out  last  season,  usiug  potash 
ad  barnyard  manure  for  potatoes,  did  not  give  results 
we  believed  were  entirely  trustworthy  and  the  same 
rere  planted  to  potatoes  again  this  season.  It  seems 
e  laDd  is  already  so  rich  in  sulphates  and  chlorides  of 

and  magnesium  that  adding  sulphate  or  chloride  of 
um  diminished  instead  of  increased  the  crop.  Even 
.pplications  of  barnyard  manure  greatly  increases  the 
it  sodium  nitrate  apparently  does  not  produce  a  like 

This  indicates  that  the  land  needs  humus  rather 
i-eater  supply  of  nitrogen  in  any  other  form. 

St  year  we  planted  about  three  acres  of  land  with 
rees  of  Scotch,  Austrian  and  Bull  pines  furnished  by 
ision  of  Forestry  of  the  Department  of  Agriculture. 

small  percent  of  the  trees  lived  through  the  winter 
!  larger  part  of  the  land  was  put  into  other  crops  this 
It  is  unlikely  that  the  growing  of  trees  for  any  other 
e  than  shade  and  ornamentation  will  ever  pay  here, 

do  not  expect  to  carry  out  any  further  experiments 
lem  unless  it  be  in  a  very  small  way. 
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The  equipment  of  the  Station  ban  been  materially  i 
creased  and  improved  during  tbe  year.  The  increase  in  t 
size  of  the  experiment  farm  enables  us  to  carry  on  80i 
irrigation  experiments  on  a  practical  scale.  Eleven  act 
of  the  new  land  have  been  used  for  an  investigatioii  of  t 
amount  of  water  needed  to  produce  a  maximum  crop.  Tl 
investigation  will  probably  be  continued  through  a  numb 
of  years.  Tbe  old  farm  is  all  used  for  small  plat  work  a 
alkali  studies  bo  it  was  impossible  to  branch  out  as  ' 
wished  in  the  irrigation  work.  Tbe  new  land,  however, 
ample  for  all  our  needs.  We  will  not  bring  all  of  it  und 
cultivation  for  some  time.  To  tbe  equipment  have  be 
added  a  Fairbanks  and  More  gasoline  engine  of  four-boi 
power,  which  is  used  for  threshing  and  grinding  gra 
Farmer's  No.  3  grain  and  bone  mill,  a  Deering  Ideal  mowi 
machine,  a  new  steel  plow,  and  a  twelve-foot  windmill, 
pumping  packer  was  put  into  the  well  on  the  farm  but 
yet  good  water  has  not  been  obtained.  Among  the  pern 
nent  improvements  made  may  be  mentioned  finishing  t 
upper  floor  in  tbe  cottage  on  the  farm  and  adding  a  porcb 
the  front.  A  small  potting  and  store  house  was  built  at  t 
east  end  of  the  greenhouse.  A  new  germinating  chamt 
was  purchased  for  further  study  of  the  effect  of  alkali  sa 
on  seed  germination.  Tbe  greenhouse  furnishes  very  go 
laboratory  facilities  for  the  department.  Some  new  irrii 
tion  instruments  have  been  purchased,  including  a  cum 
meter,  two  water  registers,  and  a  Brown  hydrostatic  level 
More  room  is  needed  on  tbe  farm  in  which  to  shelter  i 
plements.  The  only  way  the  machinery  can  be  put  unt 
t'over  now  is  to  take  it  to  pieces  so  it  may  be  stored  ii 
small  space.  This  prevents  keeping  it  under  cover  while 
use  now  and  even  during  the  i^uiunier,  without  a  great  d 
of  extra  time  and  trouble.  An  adequate  building  should 
provided  as  soon  as  poHsible  in  which  to  store  tools  s 
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id  to  furoisb  room  for  cleaning  grain  and  seeds  dur- 
winter. 

have  been  fortunate  in  securing  this  jear  Mr.  E. 
as  farm  foreman.  It  has  been  diflQcult  to  obtain 
eltigent  belp  for  the  farm  labor,  and  Mr.  Sigman 
wa  himself  both  capable  and  energetic.  Mr,  Fair- 
I  been  efficient  and  faithful,  taking  a  great  interest 
>  work.  The  success  of  the  work  depends  in  no  small 
on  such  aasietance.  The  man  who  is  merely  work- 
lis  daily  wages  is  not  apt  to  take  that  interest  in  his 
lich  makes  him  efRcieut  and  indispensable  to  the  em- 
vbo  would  hare  the  best  service.  These  men  not 
e  the  work  but  feel  their  responsibility  and  have 
ons  to  make  wbicb  mean  success  in  life.  Instead  of 
eight  or  ten  hours  a  day  their  hours  of  labor  are  all 
re  out  of  twenty-four  that  they  are  able  to  work, 
little  danger  of  getting  overpaid  (or  such  services, 
hoped  they  may  be  kept  in  their  present  positions, 
have  obtained  macb  help  during  the  year  through 
labor.  A  stndent  has  acted  as  stenographer  and 
er  in  the  office,  the  insect  collection  has  been  over- 
ad  duplicates  in  recent  collections  brought  together, 
larger  part  of  the  year  the  green  house  has  been 
r  by  student  help. 

L  July  I  attended  a  conference  of  irrigation  experts, 
?r,  on  invitation  of  the  officials  in  the  Department 
ulture,  to  discuss  the  work  in  irrigation  to  be  under- 
■  the  department.  In  September  I  attended  the  Na- 
■rigation  Congress  in  Cheyenne  and  in  November  I 
ted  tbe  experiment  station  at  the  meeting  of  the 
n  Association  of  Agriculturual  Colleges  and  Ex- 
t  Stations  held  in  Washington. 
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REPORT  OF  THE  BOTAMIST. 

Of  the  several  lines  of  work  projected  for  the  year 
closing  only  a  few  have  received  any  considerable  attent 
There  is  BO  much  to  be  done  in  each  that  only  one  or  two 
be  Bucceasfully  pursued  at  any  one  time.  Data  are  bi 
accumulated  on  various  subjects  but  to  bring  them  t 
point  warranting  publication  means  much  special  attcnl 

One  bulletin,  "The  Trees  of  Wyoming  and  How  to  K 
Them,"  has  been  issued  this  year  as  \o.  40  of  this  Statioi 
is  a  part  of  this  report. 

The  botanical  survey  of  the  state  is  progressing  as 
idly  as  other  work  will  permit.  During  the  summer  of : 
the  botanist  spent  several  weeks  in  study  at  the  Uissouri 
tanical  Garden,  St.  Louis,  but  during  his  absence  field  v 
was  prosecuted  by  Mr.  Elias  Nelson.  As  a  result  of  th< 
forts  in  this  direction  during  the  past  few  years  the 
sources  of  the  state  are  becoming  fairly  well  known, 
pecial  attention  has  been  given  to  the  indigenous  foi 
plants  and  much  information,  which  it  is  hoped  may  b 
service,  has  been  secured  concerning  the  distribntion 
abundance  of  these. 

Since  the  last  report,  the  writer's  investigation  of 
"Flora  of  the  Red  Desert  and  Its  Forage  Resources'' 
been  published  by  the  United  States  Department  of  A 
culture,  being  issued  as  Bulletin  No.  13  from  the  Divisic 
Agrostology. 

The  abundance,  distribution  and  economic  signiflc: 
of  the  fungi  affecting  native  and  crop  plants  is  still  a  sut 
of  inquiry.  While  not  of  so  much  significance  here  a 
some  other  states  yet  it  is  of  interest  now  and  will  bee 
more  so  as  agricultural  interests  are  developed. 

Besides  the  plants  of  direct  economic  significance 
survey  of  the  state  is  bringing  to  light  many  of  much  gen 
interest,  among  them  many  new  species.  As  rapid); 
possible  these  are  being  described  and  published,  'there 
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D  issued  Bince  July  1,  1898,  the  following  papers: 
V,  VI  and  VII  iu  the  series  "New  Planta  from  Wyo- 
ThiB  series  is  appearing  in  the  Bulletin  of  the  Tor- 
anical  Club,  the  foregoing  papers  having  been  issued 
Inly  and  October  numbers  of  1898  and  the  January, 
ind  May  numbers  of  1899  respectively.  Other  papera 
ten  prepared  and  are  in  the  way  of  publication  but 
t  find  spate  for  some  months  to  come, 
•tain  f^enera  are  so  abundantly  represented  iu  this 
s  to  make  them  to  a  degree  the  characteristic  plants 
lora.  Home  of  these  have  received  much  study  and, 
unt  of  the  new  species  each  includes,  have  proven  of 
b  interest  as  to  warrant  the  preparation  of  special 
apon  each.  Just  issued  in  the  June  number  of  Ery- 
'The  Western  Species  of  Aragallus."  The  following 
Durse  of  publication :  "Some  Rocky  Mountain  Chrys- 
!;"  "Kew  Species  in  Oreocarya  and  Its  AUies;" 
Species  of  Tetraneuris  and  Its  Allies." 
erence  may  here  also  be  made,  as  bearing  upon  the 
il  survey  wort,  to  the  "Revision  of  the  Western 
imerican  Phloxes,"  by  Mr.  EJians  Nelson.  It  is  pub- 
s  a  part  of  the  Ninth  Annual  Report  of  the  Agricul- 
>llege,  which  is  bound  herewith  and  to  which  atten- 
;alled. 

ong  the  subjects  of  investigation  the  present  season 
forage  plants  of  northwestern  Wyoming,  including 
itone  Park  and  (Jie  adjacent  Forest  Reserves, 

REPORT  OF  THE  CHEMIST. 

rork  of  the  chemist  during  the  yearhas  been  prin- 
conflned  to  the  study  of  the  effect  of  alkali  on  the 
on  of  water  by  seeds  and  thejr  germination,  the  re- 
which  are  published  in  Studies  III  and  IV  in  this 
In  addition  to  this  a  number  of  soil  samples  taken 
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from  different  depths  of  the  Laramie  Farm  have  been 
aljzed  to  get  a  better  idea  of  the  moTemeots  of  the  alt 
under  irrigatioD. 

REPORT  OF  THE  GEOIAOIST. 

During  the  year  there  were  collected  conaiderahle  d 
pertaining  to  the  various  lines  of  inveatigation.  The  : 
lowing  work  is  under  way: 

The  Artesian  Basins  in  Wyoming. 

Wind  Erosion  and  its  Relation  to  Soil  Making  in 
Arid  Region. 

The  Origin  of  Alkali. 

The  Birds  of  Wyoming, 

The  bulletin  on  the  Artesian  Basin  in  Wyoming  is  e 
in  course  of  preparation.  It  has  been  utterly  imposei 
owing  to  the  rush  of  work,  to  make  the  geological  maps  i 
section  and  to  work  up  my  notes  for  the  bulletin.  It  will 
.  when  printed,  quite  an  extensive  discussion  of  the  subject 
have  also  taken  valuable  notes  in  wind  erosion  at  all  po^ 
visited  in  the  state. 

Since  the  state  has  concluded  to  take  up  the  sub, 
of  alkali  and  to  work  out  all  the  problems  in  connect 
with  it  in  Wyoming,  1  have  been  assigned  the  subject  of 
Origin  of  Alkali.  I  realize  that  it  is  a  great  problem  to 
dertake  to  solve,  but  there  is  not  a  better  field  to  worl 
than  Wyoming  to  accomplish  this  end.  During  the  con 
season  I  expect  to  add  some  valuable  data  pertaining  to 
subject.  ' 

REPORT  OF  THE  METEOROLOGIST  AXD  PHTSIOIB^ 

Observations  in  the  Meteorological  Department  1 
been  taken  of  the  relative  humidity,  maximum  and  i 
mum  temperatures,  pressure  of  the  air,  rainfall,  snon 
velocity  and  direction  of  the  wind,  evaporation,  percen 
of  sunshine,  and  temperature  of  the  soil  at  various  deptl 
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1  account  of  the  interference  of  the  University  bniM- 
th  the  air  current,  especially  when  the  wind  was 
ig  from  the  west,  the  steel  tower  on  which  are  the 
meter  and  wind  vane  was  moved  to  a  distance  of  800 
ray  from  the  buildings. 

1  obserrations,  except  amount  of  rainfall  and  anow- 
■e  taken  each  day  at  7  a.  m.  and  7  p.  m. 
the  physical  department  the  following  are  some  of 
tblems  which  are  being  investigated  as  rapidly  aa  cir- 
inces  will  permit: 

ipillary  movements  of  water  in  soils, 
'aporation  of  moisture  from  the  surface  of  soils, 
iddllng  of  soils. 

TREASDI^B'S  REPORT. 

UNIVERSITY  OF  WYOMINO. 

AGRICULTURAL  EXPERIMENT  STATION. 

LARAMIE.  WYOMING, 

...  In  Account  Wltb  .  .  . 

rHE   UNITED  STATES   APPROPRIATION,   1898-99. 

DR. 
Ipts  from  tbe  Treasurer  of   the  United 
:ea  as  per  appropriation  for  QacaJ  yeor 
Ing  June  30,  1899,  a«  t>er  Act  of  CoDKresa 

roved  Maj-ch  2.  1887 (IB.OOO.OO 

CR. 

irles    I  5,090.00 

or 2,736.99 

llcatlons  1,170.02 

tage  and  stationery  472.96 

Iglit  and  express 234.71 

X,  light  and  water 887.61 

mical  supplies  615.87 

Is.  plants  and  sundry  supplies 260.38 

tillzers  8.36 

ding  stuffs  34.92 

rary  79.90 

Is.  machinery  and  implements 706.28 
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E*umiture  and  flztures  34 

Scientific  apparatus  7} 

Traveling  excuses  M: 

CoDtlngent  ezpensee  S 

Building  and  rep^ra  n 

Total 115,000.00    I16.W 

We,  the  undersig^ned,  daly  appointed  aaditora  of 
corporatit>D,  do  hereby  certify  that  we  have  ezamined 
bcmlifl  aad  accounts  of  the  UniverBitj  of  Wyoming  Agrii 
tnral  Experiment  Station  for  the  fiscal  year  ending  Juae 
1899;  that  we  hare  found  the  same  well  kept  and  classi) 
as  above,  and  that  the  receipts  for  the  year  from  the  tn 
urer  of  the  United  States  are  shown  to  have  been  |15.< 
and  the  corresponding  disbursements  fl5,0U0;  for  all 
which  proper  vouchers  are  on  file  and  have  been  by  ub 
amined  and  found  correct,  thus  leaving  no  balance  on  ha 

And  we  further  certify  that  the  expenditures  have  b 
solely  for  the  purposes  set  forth  in  the  Act  of  Congress 
proved  March  2,  1887. 

Signed:  Melvile  C.  Brown, 

Henry  L.  Stevens, 
Attest:  Auditon 

Grace  Raymond  Hebard, 

Secretary. 

HUPPLBHBNTAHV   STATBMBNT. 

DR. 
To      receipts      from      other  s  s 

sources  than  the  United      ,  e-d  ^^  : 

States  for  the  year  end-     S.  'i,  i-  i 

Ing  June  30.  1899 |70.90       tlOO.OO        (300.00        S47< 

CR. 

Sclentlflc  apparatus  123.00 

Buildings  and  repairs 70.90         100.00         177.00 

Total 117 
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ALKALI  STUDIES,  III 
ninating  Experiments  With  Alkali  Salts. 

FY    B.  C.  BLFFUM. 

rhat  concentrated  solutions  of  the  saltB  commonly 
I  in  soils  do  retard  germination  was  demonstrated 
)ublisbed  in  Bulletin  No.  29  of  this  station.    Hince  tliat 

the  subject  has  been  given  considerable  attention  in 
tation  and  by  others  engaged  in  scientific  research.  The 
-iments  here  reported  were  carried  out  by  Mr.  W.  H. 
leld,  assistant  in  this  department.  A  resume  of  a  part 
e  work  was  given  iD  Bulletin  No.  39,  which  is  bound 
this  report.  The  importance  of  the  subject  and  the  cer- 
y  that  future  references  will  be  made  to  this  work,  will 
'  valuable  a  detailed  account  of  the  experiment  and  the 
ts  obtained. . 

\.lkali,  as  commonly  known,  consists  of  the  several  boI- 
ealts  of  the  soil,  which  accumulate  in  sntBcient  amount 
come  noticeable  in  white  incrustations  on  the  surface, 

their  effect  on  water,  soil,  and  vegetation.  Onr  first 
inating    tests  were  made  with  the  associated  salts  as 

occurred  in  the  soil  of  the  expertment  farm.  The 
iDt  of  any  one  of  the  salts  making  up  this  compound 
B  widely  in  different- places  and  undoubtedly  at  differ- 
imes  in- the  same  place.  Generally  the  salt  making  up 
Eirger  portion  of  the  alkali  is  sodium  sulphate  or  mag- 
m  sulphate,  but  in  places  it  is  sodium  chloride  or  as 
times  occurs  in  this  state,  it  may  be  sodium  carbonate. 
der  then  to  arrive  at  definite  conclusions  in  regard  to  ' 
ffect  of  alkali  it  seems  important  to  study  the  relative 
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effwt  of  each  salt.  This  experiment  show*  that  each  s 
differs  widely  from  the  others  Id  its. effect  on  seed  germii 
tion  and  plant  growth,  and  has  led  to  further  study  of  i 
reoHOU  for  such  effects.  The  study  wRx  continned  by  P 
feiwor  RloBSon,  who  made  a  pivliminary  rejiort  in  Bulle 
Ki).  39,  and  reference  is  here  made  to  bis  paper.  "Alk 
Studies  IV,"  also  published  as  part  of  the  Ninth  Anm 
Report.  The  following  ex])erinientB  are  reported  as  tl 
wei-e  written  out  by  Mr.  Fairjield,  with  slight  modifiratii 
and  changes  in  arrangement: 

EFFECT  OF   DIFFERENT   SAI.TS    ON    THE   GERMINATI' 
OF  SEEDS. 

To  determine  the  effect  of  each  salt  which  makes  op ' 
alkali  of  the  arid  region,  seeds  were  germinated  in  eoliiti< 
of  varying  strengths  of  sodium  chloride,  sodium  sulphi 
sodium  carbonate  and  magnesium  sulphate.  The  two  cb 
points  that  the  test  was  intended  to  deternHne,8tated  brie 
arc:  First,  the  relative  effects  of  different  jtereents  of  ' 
same  salt  on  the  germination  of  wheat,  rye,  and  Wli 
Sweet  clover  iMclilofiis  alba);  second,  the  relative  effect 
the  same  percent  of  the  different  salts  on  the  germination 
these  seeds.  It  was  thought  that  the  osmotic  pressure 
the  salt  solution  might  influence  the  imbibition  of  water  i 
account  for  the  retardation  of  germinatiQu,  We  had  j 
viously  found  that  concentrated  salt  solutions  prevented 
rapid  imbibition  of  water."  An  article  in  the  Botanical ' 
zette  for  December,  1897,  on  ''The  Relation  of  Nutrient  Si 
to  Turgor,"  by  Copeland,  suggested  to  the  chemist  11 
oHUTotic  pressure  might  account  for  such  effect  rather  tl 
any  phyi^iological  action  of  salts,  op  the  plant  tissues, 
throw  light  on  this  i>oint  a  series  of  sugar  solutions  w 
also  used,  aa  the  osmotic  pressure  of  sugar  is  comparativ 
low. 
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olutionB  containing  0.1,  0.4,  0.7,  1.0,  2.0,  3.0,  4.0,  5.0,  7.0 

0  perceiitB  of  each  of  the  salts  named  and  also  of  augar 
used  to  germinate  the  seeds.  Fifty  seeds  ot  Chili 
,  Spring  rye,  and  White  Sweet  clover,  which  had  been 
illy  hand-picked  and  counted,  were  tested  in  each  of 
Intions  containing  the  above  percents  of  the  salts  and 

and  a  check  was  carried  out  in  pure  water, 
OUTUME   OF   EXPERIMENT. 

tock  solutions  of  the  salts  to  be  used  as  well  as  of 
were  made  so  that,  when  everything  was  ready,  as 
rime  as  possible  might  be  used  in  converting  the  solu- 
nto  the  various  strengths  desired.  Certain  quantities 
salts  of  sodium  sulphate,  sodium  carbonate,  and  mag- 
II  sulphate  were  dried  by  heating  to  a  red  heat  and 
e  them  at  this  temperature  for  a  short  time.  The  so- 
^hloride  was  dried  at  a  little  lower  temperature.  The 
solutions  were  made  up  as  soon  after  the  salts  were 
18  possible.  Granulated  sugar  was  used  for  the  sugar 
ms. 

ime  little  time  was  spent  in  determining  the  best 
lating  device.  The  great  difficulty  to  be  overcome  in 
ig  out  the  test  was  the  question  of  evaporation.  This 
not  only  change,  quite  rapidly,  the  strength  of  the  so- 
I,  but  as  the  seeds  must  of  necessity  t>e  at  or  near  the 
?,  they  would  be  surrounded  continually  with  stronger 
ins.  The  first  method  adopted  was  to  lay  the  seeds  be- 
two  pieces  of  rather  fine  cheese-iloth  and  float  them 
i  in  plates  so  that  the  upper  surface  of  the  cork  carry- 
i  cloth  would  be  about  even  with  the  surface  of  the 
It  might  be  well  to  state  here  that  this  first  entire 
lation  test,  carried  on  in  the  greenhouse,  was  con- 
fer fourteen  days,  careful  observations  being  taken 
ly  on  the  nnmber  of  seeds  germinated,  and  every  pre- 

1  taken  to  keep  the  conditions  uniform.    After  carry- 
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ing  the  *'xperiment  this  far  it  was  evident  from  the  small 
niiniher  that  had  germinated  that  the  seeds  were  in  unfavor- 
able conditions.  After  the  first  few  days  of  the  experiment 
tlie  rorks  became  saturated,  lost  buoyancv  and  sank  lower, 
causing  the  seeds  to  be  surrounded  with  the  solution.  The 
fact  that  the  seeds  were  under  such  anfavorahle  conditions 
for  germination  made  the  results  obtained,  though  compar 
able  to  a  certain  extent,  rather  unreliable.  The  test  was 
therefore  abandoned  and  was  not  begun  again  until  some 
check  tests  were  made  to  determine  a  method  of  procedure 
which  would  furnish  conditions  least  adverse  lo  the  ready 
germination  of  the  seeds,  but  which  would  still  reduce  the 
effect  of  evaporation  to  the  least  practical  point.  The  fol- 
lowing table  gives  the  results  obtained  from  a  germination 
test  in  water  under  the  different  conditions  named : 
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In  the  table  it  will  be  noted  that,  with  one  exception 
the  seeds  between  cloths  placed  on  the  inverted  flowerpo 
saucers  germinated  much  more  rapidly  and  completely  tha 
those  placed  between  cloths  floated  on  cork.  The  marke 
difference  in  the  number  germinated  in  the  dark  and  in  tb 
light  in  the  case  of  both  kinds  of  seed  is  of  interest 

So    in    beginning    the    experiment    again    two    larg 
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were  arranged  with  shelves  to  hold  the  plates.  All 
B  in  the  boxes  were  stopped  up  to  shut  out  the  light  aa 

as  possible.  These  boxes  were  placed  on  the  center 
I  of  a  doable-span  greenhouse,  on  sand  which  was  kept 
vhat  moist  throughout  the  experiment.  Granite  iron 
in  pieplates  were  used  to  hold  the  solutions,  the  tin 
1  having  previously  received  two  coats  of  asphalt  var- 
pd  the  inside  to  prevent  rusting.  The  cloths  which  had 
used  in  the  previous  tests  were  thoroughly  washed  in 
'ater,  rinsed,  and  then  boiled  for  ten  minutes.  The 
1  were  also  tfaoronghl;  washed.  Saucers  for  five-inch 
■-pots  were  washed,  turned  upside  down,  and  the  cloth 
1  on  them.    Rolntions  of  the  required  strengths  were 

up  from  the  stock  solutions  on  hand  with  the  excep- 
f  sugar,  which  was  made  fresh,  the  stock  solution  bav- 
ollected  some  impurities.  The  weight  of  each,  to- 
r  with  the  inverted  saucer,  etc.,  was  taken  as  the  solu- 
were  added  and  marked  permanently  on  the  outside  of 
ates.  The  plates  coold  be  readily  weighed  at  any  time 
d  and  enoagb  water  added  to  bring  back  to  the  iuitial 
t,  thus  compensating  for  any  loss  by  evaporation  and 
:ecping  the  solution  at  practically  the  same  strength. 

of  Chili  wheat  and  Spring  rye  had  been  carefully 
selected,  only  perfect,  plump,  and  as  nearly  uniform 
is  as  possible  being  taken.  These  had  also  been 
^  and  fifty  seeds  of  each  been  placed  in  separate  bot- 
0  that  all  the  seeds  were  placed  between  cloths  at 

the  same  time.  Fifty  seeds  were  used,  in  each  test. 
?  first  experiment  seeds  of  White  Sweet  clover  were 

on  account  of  the  apparent  ability  of  this  plant  to 
ifa  ini  alkali  soils.    But  though  great  pains  were  taken 

mature  seed  of  last  season's  growth,  not  more  than 
r  three  percent  germinated  under  the  most  favorable 
istances,  so  in  the  second  experiment  these  seeds  were 
it  and  only  wheat  and  rye  were  used.    On  February 
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26,  between  1 :30  and  4 :30  p.  m.,  the  eeede  were  placed  on  the 
cloths  which  were  laid  over  the  ioTerted  eancerK.  One  end 
of  the  cloth  waa  allowed  to  project  farther  than  the  other 
and  this  was  now  folded  ba«k  over  the  eeeds.  This,  there- 
fore, left  the  aeeds  with  one  tbicknesB  of  cheeee-dotb  be- 
tween them  and  the  sancer  and  one  thicknesB  over  them. 
The  edges  of  the  cloth  dipped  into  the  solutions.  The  tops 
of  the  eaacers  were  about  a  qnarter  of  an  inch  above  the  sur- 
face of  the  Bolutions.  The  plates  were  weighed  occasionally 
during  the  test  and  enough  water  was  added  at  these  times 
to  bring  them  back  to  their  original  weight,  but  the  evapora- 
tion was  not  great.  Once  or  twice  a  day  the  cloths  which 
contained  seeds  were  dipped  into  the  solntions.  On  March 
16  the  experiment  was  stopped  and  the  final  observations 
were  taken.  This  carried  the  experiment  through  eighteen 
days. 

The  number  germinated  was  carefully  observed.  The 
seeds  were  removed  as  fast  as  they  germinated.  Complete 
notes  were  kept  on  everything  which  might  infineoce  the  re 
suits  in  any  way,  such  as  the  time  of  the  day  each  plate  wai 
examined,  and  variation  in  the  condition  or  appearance  ol 
the  seeds  on  any  particular  plate,  etc.  In  the  following 
tables,  the  number  germinated  each  day,  beginning  the  Arsi 
day  after  the  seeds  were  planted,  is  given.  The  results  bavt 
been  tabulated  in  this  way  so  that  they  may  be  more  easily 
compared.  Whenever  blank  spaces  occur  in  tbe  tables  the; 
indicate  that  no  seeds  were  germinated  that  day.  To  de 
termine  the  variation  in  the  germination  of  different  seta  o 
fifty  seeds,  due  to  their  vitality,  etc.,  two  plates  were  uset 
with  simply  water.  An  average  of  the  results  also  gives  i 
more  reliable  check  for  comparison.  Tbe  results  of  the  twi 
tests  rnn  in  water  as  well  as  the  arbitrary  average  taken  ar 
given  in  the  first  two  tables.  The  reason  for  taking  as  ai 
bitrary  average  rather  than  an  absolute  one,  is  that  it  ma; 
be  expressed  in  whole  numbers. 
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e  giving  the  reBuUs  from  two  tests  in  water,  ehow- 
inavoidabJe  variations  in  the  number  germinated 
le  difference  in  the  vitality  of"  the  seeds,  etc..  and 
e  arbitrary  average  used  in  the  following  tables: 


tVAeat. 

«l.^. 

_; 

P. 

1 

1 

~" 

i 

^ 

i 

i 

ll 

^* 

s 

1 

■i 

i 

f 

1 

1 

j 

Z 

---,- 

-— — 

s 

*S 

a 

at 

3 

4X 

S) 

1 

M 

M 

1 

J 

M 

37 

; 

m 

; 

41 

40 

0 

» 

1 

44 

10 

41 
43 

? 

45 

I 

** 

,i 

rollowing  charts  and  tables  give  the  relative  effects 
ne  percents  of  the  different  salts  used  in  the  germ- 
f  wheat  and  rye.  Charts  of  the  rye  have  not  been 
anse  the  seed  germinated  so  rapidly.  In  the  water 
'eds  that  had  sufficient  vitality  to  germinate  at  all 
3wing  in  three  days.  The  fact  that  wheat  germin- 
iQch  more  slowly  in  all  the  solutions  gives  an  op- 
■  for  the  study  of  the  relative  effects  of  the  different 

Id  graphic  form  in  the  charts.  The  variations  are 
t  irregular,  but  this  may  be  due  to  different  causes, 
ipal  one  probably  being  tbe  difference  in  the  vitali- 
fifty  seeds  in  each  test.    In  the  charts  the  abscissas 

the  number  of  days  from  tbe  beginning  of  tbe  teat 
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and  the  ordinates  the  number  of  seeds  germinated.  1 
line  representing  water  is  the  same  through  all  the  chai 
being  the  check. 

In  the  chart  represting  the  0.1  percent  solutions  the 
dium  carbonate  carve  makes  a  marked  variation  from  i 
water  curve,  there  being  twenty-four  seeds  germinated  i 
second  day,  against  sixteen  in  water,  and  on  the  follow! 
days  the  difference  in  the  number  germinated  remains 
marked. 

In  the  0.4  percent  chart  it  will  be  noted  that,. from  ' 
fourth  day  on,  all  the  salt  curves  precede  the  water  curi 
The  fact  that  the  seeds  in  all  salt  solutions  at  this  perci 
germinated  quicker  than  ia  water,  regardless  of  the  dt 
variations,  shows  a  stimulating  effect  which  ia  of  interest 

That  a  small  amount  of  alkali  does  aid  in  the  germi 
tion  of  seeds  is  substantiated  by  some  of  the  results  givei 
the  report  of  the  germination  experiment  in  Bulletin  No. 
of  this  Station.  Referring  to  that  report  it  will  be  seen  t 
seeds  germinated  more  readily  in  soil  containing  a  sn 
amount  of  salts  than  in  leached  soil.  It  is  very  interest 
that  a  small  amount  of  salt  should  facilitate  the  procesi 
germination.  Is  the  salt  a  factor  in  the  proct^s  of  conv 
ing  the  plant  food  stored  up  in  the  seed  into  an  avails 
form  for  the  use  of  the  growing  embryo?  Docs  the  prese 
of  the  very  small  amount  of  the  salts  influence  the  turgoi 
the  cells  of  the  germinating  seed  and  thus  cause  this  b< 
ficial  result?  Copeland,  in  his  article,  "The  Relation  of 
trient  Salts  to  Turgor,"  in  the  December  number  of  the 
tanical  Gazette  for  1897,  states  that  potassium  increases 
turgor  in  the  cells  of  the  plant.  He  does  not  believe  1 
sodium  has  an  equal  effect,  but  it  has  occurred  to.  me  t 
the  very  small  amounts  of  the  salts  used  in  this  experin 
might  so  influence  the  turgor  in  the  seed  as  to  produce 
marked  effect  on  germination.  No  marked  stimnlai 
effect  was  produced  by  sodium  chloride. 
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In  the  0.7  percent  solution  chart  the  curves  remain 
somewhat  close  to  the  water  curves,  though  the  sodium  car- 
bonate drops  down  a  little.  This  indicates  that,  with  the 
exception  of  the  latter,  solutions  of  the  salts  at  this  percent 
have  no  marked  effect  on  the  germination. 

The  1  percent  solution  chart  indicates  that,  sodium  car- 
bonate at  this  strength  retards  germination  decidedly. 

In  the  2  percent,  3  percent,  4  percent  and  on  up  to  the 
9  percent  solution  charts,  the  retarding  effects  are  shown  to 
increase  very  rapidly. 

It  is  apparent  from  the  experiment  that  the  retarding 
effects  of  the  different  solutions  are  in  proportion  to  their 
osmotic  pressures.  Professor  Slosson  has  worked  out  the 
osmotic  pressures  of  1  percent  solutions  of  the  salts  and  also 
of  the  sugar  and  has  kindly  furnished  them.  They  are  as 
follows : 

"1  i)ercent  sodium  chloride  equals  7.4  atmospheres. 

1  percent  sodiuum  carbonate  equals  4.3  atmospheres. 

1  percent  sodium  sulphate  equals  3.9  atmospheres. 

1  percent  magnesium  sulphate  equals  2.8  atmospheres. 

1  percent  sugar  equals  0.7  atmospheres." 

If  the  osmotic*  pressure  of  the  different  salts  is  the 
cause,  or  one  of  the  principal  causes,  of  the  retarding  effect 
they  exert,  the  curves  showing  the  respective  effects  of  the 
different  salts  should  arrange  themselves  in  the  order  of 
their  osmotic  pressure.  It  will  be  seen  at  a  glance  that  so- 
dium carbonate,  from  the  1  percent  solutions  up,  has  a  great- 
er retarding  effect  than  any  of  the  others,  which  would 
not  be  the  case  if  caused  only  by  the  difference  in  osmotic 
pressure.  This  is  without  doubt  due  to  its  caustic  effect  on 
the  seed,  which  would  be  considerable  in  the  solutions  con 
taining  the  higher  percents  of  the  salts.  This  fact,  that  so- 
dium carbonate  is  alkaline  and  that  the  other  salts  used  are 
neutral,  puts  it  at  once  in  a  different  category.  Then  if  we 
confine  ourselves  to  the  other  salts  we  find  that  from  3  per- 
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cent  np  they  arrange  themselves  in  the  order  of  their 
motic  pressure.  Below  3  percent  the  relative  retarding 
feet  of  the  salts  seems  to  be  quite  irregular,  probabl; 
cause  the  osmotic  pressures  are  not  great  enough  to  mi 
a  marked  difference.  The  5  percent  solution  chart  aha 
variation  in  this  order,  the  sodium  sulphate  and  roagnesi 
sulphate  curves  cross,  but  owing  to  the  fact  that  the  on 
is  maintained  in  the  higher  precents  this  variation  proba 
is  not  important.  Solutions  of  sugar  are  used  in  the  expi 
ment  in  order  that  we  might  be  able  to  compare  the  effect 
this  substance  on  the  germination  of  seeds  with  the  effc 
produced  by  the  salts  used.  It  is  probable  that  any  reta 
ing  effect  sugar  might  be  found  to  have,  would  be  due  to 
motic  pressure  alone.  Sugar  has  a  low  osmotic  press 
compared  with  the  salts  used  but  when  the  solution  is  i 
ficiently  concentrated,  (from  D  percent  up)  its  curve  dr 
4>e>low  that  of  water.  It  is  of  interest  to  compare  the  9  ] 
cent  sugar  curve  with  the  1  peretnt  sodium  chloride  and 
2  percent  sodium  sulphate  curves,  as  the  osmotic  presaun 
each  of  the  solutions  is  nearly  the  same.  There  is  a  mar 
difference  in  the  osmotic  pressure  of  sodium  chloride  ; 
sodium  sulphate,  that  of  the  former  being  nearly  twice  t 
of  the  latter.  In  the  charts  there  is  an  analagous  differe 
in  their  respective  curves  in  the  higher  percents.  Betw 
sodium  sulphate  and  magnesium  sulphate  there  is  nol 
much  difference  in  the  osmotic  pressure,  and  in  the  chi 
there  is  not  the  difference  in  their  curves.  These  resolti 
dicate  conclusively  that  the  retarding  effect  of  a  salt  a 
tion  on  the  germination  of  seeds  is  in  direct  proportioi 
its  osmotic  pressure  when  the  solutions  are  strong. 
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Table  l.—Jlyt  in  Sugar. 
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Table   [I.— iV^?  in   Magnesium  SulphaU. 
\%  number  of  seeds  gcimliiated  each   day    In   the   different 
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Table  III. — ffj/e  in  Sodium  SulphaU 
Table  •howlnc  number  of  seeds  cermliiatad   each   day   In   the  dUte 
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Table  IV.— ^^*  in  Sodium  Carbonate. 


Table  Bhowlnc  number  of  aeeds  germinated   each   day 
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Table  V.—Jfve  m  Sodiitm  Chloridi. 
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Table  V\.— Wheat  in  Sugar. 
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Table  VII.— WAm/  in  Magnesium  Sulphate. 


Table  ahowlns  n 


1 
ft-. 

F 

1 

2 

1 

2 

1 

I 

! 

1 

! 

{If 

i 

to 

29 
M 
W 

43 

11 

45 
M 

*r 

50 

1 

■M 
40 

45 

37 
41 

i 

» 

41 
42 

2S 

a        1 
In       U 

1  » 

29      a> 

Table  Vlll,— W^fa/  in  Sodium  Sulpkut. 
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Table  IX.—  WAea/  m  Sodium   CarbonaU. 
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Table  X.— Wheat  m  Soiiium  Ckhridi. 
ahowing  number  ol  seeds  Kerm[nat.ei]  each   day   In   the   dttferant 
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DE8GRIFTZON  AITD  ItE81TI.TB  OF  A  CHECK  TO  TEST  1 
OOMOLVtlOHS  DBAWIf  FROM  THE  OERMI- 

If  ATIHO  EXPERimSNTt. 

The  germinatiDg  device  used  io  the  foregoing  eip 
ments,  that  is,  the  method  of  germinating  the  seeds  b«t« 
cloths  raised  slight);  above  the  surface  of  the  solation 
with  all  their  edges  dipping,  is  subject  to  the  possible  ei 
that,  due  to  the  selective  absorbtion  of  the  cloth,  the  » 
tion  surrounding  the  seed  may  not  be  the  same  as  the  b 
of  the  solution.  This  chance  for  error  was  anticipated 
once  each  day,  and  sometimes  more  often,  the  cloths  co 
ing  the  seeds  were  removed  and  plunged  into  their  res 
tive  solutions.  This  in  alt  probability  practically  overci 
the  Influence  of  the  selection  which  took  pla<'e  during 
time  the  moisture  was  supplied  by  capillarity.  But  to 
termine  the  real  validity  of  the  results  obtained  a  check 
was  carried  out  with  the  different  percents  of  one  of 
salts,  sodium  solphate,  in  which  the  factor  just  menti< 
is  eliminated  and  the  seeds  wore  germinated  in  sand  ins 
of  between  clothes. 

DESCRIPTIOM   OF   EXPERIMENT. 

Kome  clean,  sharp  river  sand  was  obtained  and  a  : 
clent  quantity  was  screened  through  a  1  mm.  sieve.  Th 
ganic  matter  was  removed  by  allowing  2(1  liters  of  Ifl 
cent  hydrochloric  acid  to  leach  through  it,  the  sand  h 
first  placed  in  an  earthenware  vessel  with  an  openin 
the  bottom.  It  was  then  washed  for  several  hours  with 
nlng  water,  and  finally  with  distilled  water  till  the  cbloi 
disappeared  in  the  leachings.  {The  chlorides  were  no 
tirely  eliminated,  as  silver  nitrates  showed  the  merest  1 
remaining.)  The  sand  vas  then  dried  by  heating  it  for  i 
time  in  shallow  pans  to  the  temperature  of  boiling  or 
tie  above. 
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»Dite-ware  plates  were  utied  io  the  test  to  bold  the 
Dutaining  the  different  percents  of  alkali,  1200  gm. 
I  being  placed  iu  fach.  This  blled  them  almoBt  even 
le  saud  beiog  about  Beven-eighths  of  an  inch  deep. 
>er  half  of  this  aaud  was  removed  and  flft;  carefully 
d  seeds  of  Chili  wheat  and  fifty  seeds  of  Spring  rye 
laced  close  together,  though  not  touchiog  on  this  low- 
•r  of  sand.  They  were  then  pressed  down,  with  a 
I  surface,  till  their  upper  edges  were  even  with  the 
r  the  sand.  It  was  the  original  intention  to  use  a  flat 
ici-een  to  lay  over  the  seeds  at  this  point,  covering  it 
le  remaining  sand.  The  seeds  would  in  this  way  be 
nded  by  sand  and  by  merely  lifting  the  screen  they 
eadily  be  examined.  A  piece  of  cloth  was,  however, 
uted  in  place  of  the  metal  screen  on  account  of  the 
lity  of  the  metal  rusting  or  being  corroded  by  the  salt 
us  adding  another  factor  which  might  influence  the 
ation.  So  a  piece  of  fine  cheese-cloth  with  a  large 
as  placed  over  thein  and  the  upper  layer  of  sand  was 
ly  poured  on.  h  pane  of  window  glass  of  suitable 
s  then  placed  over  each  plate  to  prevent  evaporation 
he  solutions  were  added.  Previous  to  this  a  stock  bo- 
of  10  percent  sodium  sulphate  had  been  carefully 
yt.  the  salt  being  heated  to  a  low  red  heat  for  a  short 
tell  cooled  and  weighed. 

was  found  that  20  percent  of  moisture  added  to  the 
-ought  it  somewhat  near  the  point  of  saturation,  or 
■y  desirable  condition  for  the  process  of  germination, 
ach  plate  containing  1200  gni.  of  sand  there  was 
too  cc.  of  solution,  this  300  cc.  of  solution  being  20 
of  the  sand  and  water  taken  together, 
the  simple  process  of  germiaation,  the  seed  is  af- 
mly  by  the  salts  or  substances  dissolved  in  the  solu- 
■rounding  it.  The  insoluble  material  in  the  soil  has 
ienl   duties,  only,  to  perform.     That  plants  absorb 
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on]y  those  subBtances  that  are  in  Bolution  seemB  so  axii 
atie  that  it  ia  scarcely  necesBary  to  quote  aothoritieB 
the  point,  but  Johnson  in  "How  Crops  Grow,"  page  : 
Ba.VB,  "The  food  of  the  plant,  bo  far  as  it  is  derived  from 
Boil,  entfTB  it  in  a  state  of  solution,  and  is  absorbed  with 
water  which  is  taken  up  by  the  rootltta."  We  have,  in 
experiment  of  this  liind,  therefore,  to  do  with  the  amoun 
soluble  material  with  its  relation  to  the  amount  of  wi 
present  and  not  with  ita  relation  to  the  amount  of  i 
This  point  has  apparently  been  ignored  in  alkali  invest 
tions  in  general.  In  the  soil  analyses  the  percent  of  al 
ia  given  but  no  apparent  attention  is  paid  to  the  amoai) 
moisture  in  the  soil.  To  arrive  at  trustworthy  couclas 
it  is  highly  important  that  the  moisture  content  be  ta 
into  careful  consideration,  for  in  the  arid  r^ons,  where 
alkali  question  becomes  a  problem,  the  moisture  con 
varies  greatly.  The  relation  of  the  soil  to  the  amount  of 
it  may  contain  is  the  same  no  matter  how  the  mois 
varies,  while  it  is  the  variation  of  the  latter  which  afl 
the  seed  or  plant.  If,  for  instance,  the  amount  of  mois 
in  the  soil  changes  from  20  percent  to  10  percent,  the 
cent  of  salt  in  the  soil  water  is  doubled,  providing  the  [ 
of  saturation  is  not  [Msaed.  In  that  case  a  part  of  the 
cryBtalizes  out  and  becomt'S  as  inert  as  the  other  insol 
material  in  the  soil.  The  importance,  then,  of  dealing 
the  amount  of  soluble  salts  in  its  relation  to  the  amoui 
soil-water,  and  not  to  the  total  amount  of  dry  soil,  is  < 
apparent. 

The  300  cc.  of  solution,  therefore,  which  was  to  be  a 
to  each  1200  gni.  of  sand  was  brought  to  the  reqi 
strength  by  adding  enough  of  the  10  percent  stock  soli 
already  mentioned,  to  make  it  similar  to  the  various 
tions  used  in  the  previous  test  where  the  seeds  were  gei 
ated  between  cloths.  The  strengths  of  the  solutions  use 
a»  follows:  9  percent,?  i>ercent,5  percent,!  percent.;!  per 
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t,  1  percent,  0.7  percent,  0.4  percent,  0.1  percent.  The 
two  plateB  was  wet  with  distilled  water,  this  making 
e  cheek.  The  seeds  hein};;  placed  in  dry  sand,  no 
would  occur  till  moisture  was  added.  The  solutions 
Ided  to  all  the  plates  within  about  an  hour.  The 
if  each  plate  was  then  carefully  taken.  For  the  first 
a  the  plates  were  weighed,  but  after  allowing  for  the 
of  the  seeds  which  had  germinated  and  been  re- 
the  evaporation  was  found  to  he  very  slight.  It  was 
d  day  before  sufficient  loss  nf  weight  could  be  de- 

0  warrant  adding  water  to  bring  back  to  the  initial 
At  intervals  later  on  water  was  added  when  neces- 

t>ring  the  weights  of  the  plates  back  to  their  original 

The  first  examination  of  the  seeds  occurred  16 

'ter  the  solutions  were  added ;  all  later  examinations 

1  about  24  hours  apart. 

'  results  of  the  tests  are  given  in  the  following  ta- 
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Table  XlU—WAtat. 
Number  of  seedB  Ksimlnated   In   the   different   HlutloDB. 
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GompariDg  the  table  giving  the  results  with  whi 
the  table  reporting  the  original  test  with  wheat,  fou 
the  first  part  of  this  report,  where  the  seeds  were  ge 
ated  between  cloths,  it  will  be  seen  that  the  seeds  plan' 
sand  germinated  much  more  readily  and  also  that  a  I 
part  of  them  ge^rminated  than  when  planted  between  c 
That  seeds  in  general  act  very  differently  with  dil 
germinating  devices  has  been  remarked  by   the  lat 
Hicks  of  the  Department  of  Agriculture  at  Washinet 
0..  who  had  wide  experience  in  germinating  te 
for  instance,  that  it  is  with  great  diffloulty  tha 
are  germinated  between  blotters  while  thev  gei 
ily  between  cloths  whose  edges  are  allowed  to 
He  says  there  is  no  apparent  explanation  for  n 
^ariations.    This  general  fact  doubtless  explain 
germiuated  so  much  more  readily  when  placed 
when  placed  between  cloths.    With  the  rve  th 
<'ase,  but  if  anything  the  reverse,  for  it  will  l>e  noted  t 
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iginal  experiment,  when  they  were  planted  between 
,  there  were  quite  a  number  germinated  the  first  day, 
■  case  as  many  as  60  percent,  while  where  they  were 
«l  in  sand  scarcely  any  were  germinated,  4  percent 
the  most  in  any  particular  case.  This  variation  one 
ir  the  other  does  not  affect  the  general  conclusions 
lay  be  drawn,  aa  the  results  in  the  respective  testw  are 
arable  with  each  other.  Bo  taking  each  test  separately 
)mparing  the  number  germinated  and  the  rate  of  ger- 
ion  in  the  different  percents  of  the  salts  to  the  rate, 
I  the  germination  in  the  water,  we  can  determine  the 
''e  effect  of  a  certain  percent  of  the  salt  on  the  germin- 
of  the  seed. 

is  therefore  qnite  apparent  that  a  careful  comparison 
tables  shows  that  notwithstanding  the  variation  as 
nnmber  germinated  and  the  decided  difference  in  the 
'  germination,  the  percent  at  which  the  salt  exercises 
■ding  effect  is  the  same  in  both  experiments. 

UMEMT   IK    OROVIKa   FLAXTB   IN   POTS   TX    THE 
FRE8EITOE   OF   ALKALI   SALTS. 

is  probable  that  definite  conclusions  cannot  be 
from  this  experiment  in  regard  to  the  effect  of  a  given 
t  of  salt  on  the  growth  of  plants.    As  the  evaporation 

great  from  the  soil  surface  and  from  the  surface  of 
■oua  pots  as  well,  the  strength  of  the  salt  solution  in 
I  varied  considerably.  The  effect  of  this  evaporation 
i  way  the  salt  was  carried  to  the  surface  of  the  pots 
a  containing  large  amounts  of  alkali  is  well  shown  in 
istration  of  a  pot  covered  with  incrustations  of  salt. 
er  was  added  each  day  to  supply  the  amount  lost  by 
itioQ,  this  salt  was  8<:raped  off  and  washed  ba<k  into 

and  it  is  believed  the  general  results  in  showing  the 
ion  of  growth  by  large  amounts  of  salts  are  of  suf 
'alne  to  be  published,  and  the  effects  prodnced  by  the 
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Bame  perceDts  of  difTereut  BoliitionB  are  comparable.  J 
would  be  expected  there  are  wide  variations  aad  irregula 
ties  in  the  tables  between  one  atrength  of  salntion  and  t 
next,  but  as  a  whole  the  experiment  shows  what  may  be  f 
pected  of  the  different  salts  and  of  the  quantity  present 
the  soil. 

A  general  view  of  the  pots  at  the  time  the  seeds  we 
planted  is  given  in  the  illustration.  The  plates  on  the  hem 
back  of  the  pots  are  as  they  were  used  in  the  first  germiD 
tion  experiment  which  was  afterward  abandoned  and  i 
peated  in  the  manner  already  outlined. 

One  hundred  and  fifty-three  two  and  one-half  in< 
pots  were  used.  4'iean  river  sand  waa  screened  throngh 
one  millimeter  sieve  and  then  put  in  pans  which  were  placi 
over  the  furnaces  in  the  assay  department  for  a  few  houi 
One  hundred  eighty  grams  of  this  sand  were  put  in  each  p 
and  these  were  placed  in  saucers  on  the  center  bench  of  tl 
greenhouse  on  moist  sand.  Each  pot  had  its  number  placi 
on  it  with  asphalt  varnish.  To  each  pot  was  added  60  cc. 
solution.  This  contained  the  required  amount  of  salt  ai 
also  enough  of -the  salts  of  the  normal  nutritive  solutic 
commonly  used  in  water  cultures,  to  make  the  solutio 
equal  in  nutritive  value  irresj^ctive  of  the  other  salts.  T 
normal  nutritive  solution  used  is  the  one  given  for  wat 
cultures  in  "Prank  Lehrbuch  der  Botanik:" 

1.0  g Ca(NO,}, 

.25  g KCl 

.25  g MgSO, 

.25  g KH,PO, 

1.75  g.  in  1000  ce H.O 

This  was  made  in  more  concentrated  form  and  enon 
added,  in  making  up  the  fift  cc.  of  solution  eaeh  pot  was 
receive,  to  make  the  percent  of  the  nutritive  solution  1 
same  iis  in  the  formula  given.  This,  of  course,  increased  1 
total  percent  of  salts  in  the  solution  0.175  percent,  whiot 
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te  a  factor  in  the  solutioDs  containing  the  lower  percents 
the  salts,  but  in  the  solutions  containing  more  than  one 
■cent  of  saJt  this  additional  amount  would  not  change  the 
ults  materially,  Sixt.v  i-f.  of  solution  added  to  18))  g,  of 
id  would  make  the  percent  of  moisture  in  the  total 
ount  twentj-flve.  To  every  three  pots  was  added  the 
ue  Bolatiou;  for  example,  the  first  three  contained  merely 
ter,  the  second  three  0.1  percent  sodium  chloride,  the 
rd  three  0.1  pecent  sodium  sulphate,  etc.  Five  seeds  of 
eat  were  planted  in  the  first  pot,  five  of  clover  in  the  next. 
I  five  of  rye  in  the  next.  The  pots  containing  wheat  were 
h  placed  on  the  balances  and  small  pieces  of  stone  or 
ken  crockery  were  placed  with  them  to  make  each  weigh 
'  g.  The  pots  and  weights  were  then  returned  to  their  re- 
I'tive  saucers.  Every  other  day  at  the  beginning,  and 
■ry  day  iu  the  latter  part  of  the  test,  these  pots  were 
gbed  and  enough  water  added  to  bring  them  back  to 
ir  original  weight.  This  amount  was  measured  and  re- 
ded and  a  like  amount  was  added  to  the  clover  and  rye 
a  containing  identical  solutions.  After  it  became  evi- 
t  that  the  clover  seeds  would  not  germinate,  the  pots  in 
ieh  they  were  planted  were  cast  out.  When  the  wheat 
i  rye  were  nicely  up  the  strongest  plant  in  each  pot  was 
^cted  and  the  others  were  destroyed,  leaving  but  one 
at  in  each  pot. 
The  test  was  continued  for  ninety  days,  but  on  the  Sc- 
ot of  the  pots  being  so  small  it  was  impossible  to  keep 
sand  moist  enongh,  by  adding  water  once  a  day,  to  pre- 
t  the  plants  from  suffering  from  lack  of  it  after  they  had 
lined  a  height  of  ten  or  more  inches.  This  fact  would  no 
bt  vitiate  the  results,  as  we  have  reason  to  suppose  the 
poration  from  the  soil  containing  a  large  percent  of  al- 
i  is  less  than  from  soil  freer  from  the  salts,  for  if  the 
its  suffered  from  lack  of  moisture,  those  in  large 
>antB  of  alkali   would   probably   suffer  less  from   tbjfi 


Wyoming  Ewperimmt  Station. 


cause,  ID  conseqneDce  of  which  the  resnltB  woald  not 
comparable.  The  results  have  been  tabulated  for  the  fli 
forty  days  of  the  test.  From  the  average  amount  of  wai 
added  each  day  daring  this  time  to  bring  the  percent 
moisture  up  to  twenty-flve,  it  will  be  seen  that  the  planta 
all  probability  did  not  suffer  for  water  at  any  time.  On  1 
sides  of  the  pots  containing  the  larger  percents  of  the  sal 
particularly  with  sodium  sulphate  and  magnesium  snlplia 
a  white  incrustation  was  formed.  This  did  not  accumnli 
to  any  extent  on  the  nurface  of  the  sand  as  it  was  dissoli 
here  when  water  was  added.  The  incrustation  on  the  o 
dido  was  sciaped  into  a  saucer  and  from  it  returned  to  i 
pot,  where  it  was  soon  redissolved.  On  account  of  the  vi 
ation  in  the  concentration  of  the  solutions  in  the  p< 
caused  by  this  incrustation,  only  general  conclnsionB  can 
drawn  from  the  experiment.  The  seeds  were  planted  F 
riiary  7,  and  in  the  following  tables  are  given  the  heightE 
Ihe  )rlants  1(1  dnyn  laler,  February  2-t,  and  also  40  days  la 
March  10,  The  daily  average  amount  of  water  added, 
given  in  the  tables,  is  the  average  up  to  and  inclnd 
March  15.  The  amount  added  to  the  rye  is  of  no  partict 
value  as  it  is  the  same  as  that  added  to  the  wheat, 

Fnmi  the  tables  it  will  be  seen  that  the  daily  averagi 
water  Is  less  in  those  pots  coDtainiDg  the  larger  perceni 
salts.  Tlie  evaporation  from  a  solution  containing  sal 
less  than  from  pure  water.  It  is  to  he  inferred  that 
reason  the  pots  containing  higher  percents  received 
water,  was  due  to  this  fact  and  that  the  evajMtration  ia 
daced  in  soils  containing  large  amounts  of  alkali, 
fact  that  the  plants  were  not  so  large  in  the  bi|: 
percents,  indicates  that  they  absorbed  less  water, 
that  the  greater  loss  of  moisture  from  the  pots 
taining  lower  percenls  is  nol  due  entirely  to  evap 
tion  from  the  soil  and  pot.  That  the  evaporation  f 
BOil  containing  large  percents  of  alkali  is  less  than  f 
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itaining  little  salt  is  a  matter  of  common  obstrva- 
id  is  BQbstaDtiated  by  the  fact  that  the  evaporation 
le  pots  containing  large  percente  of  alkali  waa  less 
there  during  the  earlj  part  of  the  test  before  the 
were  np.  This  point  is  not  brought  out  in  the  tables, 
average  amoants  of  water  for  the  time  are  given.  On 
ts  containing  the  larger  percents  of  Bugar  a  black 
formed  not  only  on  the  surface  of  the  sand  but  also 
pot.  This  doubtless  affected  the  evai>oration  to  a 
I  degree.  From  the  last  two  tables  given  it  will  be 
at  a  large  percent  of  sodium  carbonate  has  the  great- 
rimental  effect  on  the  growth  of  the  plants,  sodium 
e  ranks  next,  and  magnesium  sulphate  and  sodiam 
te  have  about  the  same  effect.  The  evaporation  in 
>le8  is  indicated  by  the  average  amount  of  water 
iry  to  add  each  day  to  bring  the  pots  back  to  their 
I  weight. 


Table  XUl.— Sodium  Ckloride. 
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Table  XlV.—Sedium  Suipia/e. 
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Table  XW.— Sodium  CarbonaU. 
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Table  XVI. — Magnesium  SulpkaU. 
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Table  XVU.Sugar. 
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rimentB,  donbtlesfl  on  acconnt  of  its  caustic  effect, 
ye  all  the  salts  retard  imbibitioD,  but  not  in  pro- 
on  to  their  OBmotic  pressure.  Apparently  lye  is  less 
ted  by  differences  in  alkali  than  wheat  and  this  is  con- 
^  by  the  germination  tests.  It  will  be  noticed  that 
■  water  is  imbibed  by  rye  than  wheat. 

IMBIBITION  OF  ^VATBR  BY  lirHBlAT. 

In  the  next  experiment  wheat  was  chosen  as  the  seed 
d  and  isomotic  solutions  of  the  common  alkalies  were 
^  up  together  with  a  sugar  solution  of  the  same  osmotic 
igth  for  comparison.  The  results  are  giyen  in  Table  II. 
[t  will  be  seen  that  the  amount  of  water  imbibed  from 
lotic  solutions  is  nearly  the  same  regardless  of  the  kind  . 
ibstance  dissolved.  A  difference  of  one  atmosphere 
tic  pressure  decreased  the  amount  of  water  absorbed 
1  average  of  1.3  percent  and  ten  atmospheres  decreases 
14.0  percent.  Many  cultivated  soils  in  the  arid  region 
tin  sufficient  salts  to  give  a  pressure  of  ten  atmospheres 
aing  the  entrance  of  water  into  the  seeds. 
Solutions  of  sodium  chloride  were  also  used  running  up 
e  hundred  atmospheres  calculated  pressure.  It  appears 
when  concentrated  sRlutions  are  used  an  incrrase  in  the 
int  of  the  salt  does  not  produce  its  proportional  effect, 
is,  a  small  amount  of  alkali  makes  a  decided  difference 
e  water  imbibed  but  any  additional  salt  does  not  make 
ich  worse.  One  hundred  atmospheres  pressure  shows 
uinntion  of  29.23  percent,  about  twice  the  effect  pro- 
i  by  ten  atmospheres.  The  irregularities  in  the  strong 
ions  are  also  very  great,  for  example  more  water  is  im- 
I  against  50  atmospheres  than  against  40. 
rhe  actual  pressure  tending  to  prevent  the  absorption 
iter  by  the  seed  is  not  nearly  so  great  as  the  numbers 
ate  for  two  reasons.  One  is  that  the  formula  only  ap- 
to  dilute  solutions  and  the  osmotic  pressure  becomes 
ban  the  theoretical  with  increasing  concentration,  just 


1 


10 


Wyoming  Experiment  Station, 


I 


4 


< 


suaqdsouiiv 
spoutso 


ooo© 


"^S^^elS^SSS 


)U93  jad 


5SSa 


A  db  o  R 


^eoNti 


&S?;esssi8f!^S 


e*  « ifi  to  oi  IX  e« -«  « 


o 

3 


3 


a.v  it 


(T. 


37JU 

'Si  ^  e 
4>    C   B 

3^  O   O 


V 

ti 

E'gjS  -3 
3<^U   U 


Mi 


EE 

3  3 


:   t 


III 


O 

55 


^1  I       r*^"  H  i^yx^^i-^^i^ 


'suao  idd 

« 

(»  M  t<-  09 

C»l*Mo'x»*^^-^^r-ir9-*» 

^ 

«38S 

'^^^S  !S<;^$-$^g^S?S 

n 

-«<«a»xxQoowaaftfc- 

^«a»>x 

•-•a»«D^ 

^e^  mcoo  lAX  t-ook 

Q 

SSeSi  $9$'^ 

5$9:;;;ssiss^ 

b3 
09 

o 

(/I 

flQ 

< 

si 

8  ssiis' 

^1 

5 

X^-«(3» 

47.8 

48.9 
47.9 
47.2 

«l 

hi 
O 

^1 

1 

H 
5r 

s| 

« 
s 

CO  — MX 

U 

'1 

»  rowxs 

vtmoat 

^•"•tPJOi-^TOCO  — «© 

S  5553  5i?55 

v£$$$^gS!S;5gg| 

cu 

rowxift 

3D  rt  e  » 
•-  w  rj  -*" 

«a'MO^kft  xaa^<0 

« 

r^  0 

s 

^ 

- 

M—ttSS 

CS-^«l>i  lo»t-l-.l-.W3JOC« 

<»e4t:*if9l«oc>-^ooxxx^t«eo 

^ 

S3«5a;? 

S«Se3 

S^^«S3S£?^SS 

Alkali  Stttdie$,  IV.  11 

yle's  law  does  not  give  correct  results  for  coDdensed 
,  The  correction  (or  thU  is  not  known,  however,  ao 
eoretical  numbers  are  given.  Another  point  that  maBt 
tea  into  coDsideration  is  that  the  seed  is  not  semi-per- 
le  in  the  technical  sense.  Salt  is  absorbed  along  with 
iter  although  not  in  the  same  proportion.  The  amount 
t  absorbed  by  the  wheat  was  determined  in  some  of 
imples  by  incineration  and  titration  and  the  quantity 
m  in  Table  111,  column  five.  The  weight  of  grain  taken 
lut  fire  grams.    In  the  next  column  the  same  thing  is 

in  percentages,  and  represents  the  number  of  grams 
t  absorbed  by  100  grams  of  wheat  under  the  stated 
ic  pressure.  To  ascertain  how  the  strength  of  the  salt 
on  inside  the  seed  compared  with  that  outside,  the 
itage  of  salt  was  calculated  on  the  total  amount  of 

in  the  wheat,  this  amount  being  found  by  adding  to 
iter  absorbed,  the  water  originally  in  the  seed,  which 
ut  10  percent.*    This  compared  with  the  third  column 

the  relative  concentrations  of  the  salt  solutions  out- 
nd  inside  the  seed,  assuming  of  course  that  all  the  salt 
led  is  held  in  solution.  Calculating  the  osmotic  pres- 
nside  the  grain  due  to  the  salt  with  that  of  the  soln- 
ntside  gives  column  8,  the  real  osmotic  pressure  tend- 

prevent  the  imbibition  of  water.  The  osmotic  pres- 
f  the  solution  inside  the  grain  due  to  other  substances 
the  salt  absorbed  is  of  course  not  known.  With  in- 
Dg  concentration  the  amount  of  salt  absorbed  with  the 

continually  increases  although  not  in  the  same  pro- 
n,  so  the  net  osmotic  pressure  also  rises.  From  60 
pheres  upward  the  true  osmotic  pressure  is  about  half 
eoretical.  This  net  osmotic  pressure  is,  however,  not 
d  during  the  whole  experiment  but  is  only  that  at  the 

The  salt  is  absorbed  gradually  and  accumulates  so 
hibiting  osmotic  pressure  is  slowly  and  continuously 
oenig:      Naliruiisa.UDi]  Oenussmlttel.  I.  4T1. 
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■d.  It  will  be  Been  accordingly  from  Table  II  that  the 
BolutioD  exerts  a  greater  inflnence  at  first  than  after- 
.  At  the  end  of  twenty-four  and  thirty-Bix  bonrB  th» 
is  more  regolarly  in  inveree  proportion  to  the  osmotic 
ire  than  later.  The  ratio  of  the  amonnts  of  water 
)ed'  remains  nearly  constant  throughont.  At  thirty- 
urs  the  wheat  in  the  100  atmosphere  solution  had  ab- 
I  52.0  percent  of  the  amonnt  absorbed  by  that  in  pure 
and  at  144  hours  53,1  percent.  Evidently  then  the 
ice  of  salts  in  solution  retards  more  than  it  prevents 
bibition. 

he  figures  given  in  Table  II  are  strictly  speaking  the 
ncrease  of  weight  and  include  the  salt  as  well  as  the 
absorbed.  In  the  last  column  of  this  table  the  final 
i  are  corrected  by  substracting  the  weight  of  the  salt 
»ed  and  they  are  more  regular  than  the  nncorrected 
itages.* 

le  volume  of  the  soaked  wheat  is  reported  in  Table  III 
iparison  with  the  original  volume  of  the  wheat  as 
ited  from  the  specific  gravity  determination  on  a  Bin- 
mple.  The  increase  in  volume  varies  inversely  with 
motic  pressure  like  the  increase  in  weight. 


J  see  how  great  a  difference  there  was  in  the  behavior 

erent  kinds  of  seeds  a  series  of  tests  were  run  with 

wer,  peas,  buckwheat,  rape  and  Scirpus  paludosus, 

D  pure  water  and  in  solutions  of  sodium  chloride  of 

id  ten  atmospheres  osmotic  pressure.    Bcirpus  palu- 

Is  a  native  plant  that  grows  readily  in  strong  alkali 

d. 

8  Table  IV  shows,  the  presence  of  salts  in  solution 

shed  the  amount  of  water  absorbed  in  all  cases  except 

sunflower,  which  shows  a  surprising  variation  from 

irt  of  thli  tabic  was  published  In  Bull.   No.  S9,  where,  however, 
dln(  Bhoiild  be  "ParU  per  Thousand"  Instead  ot  "Percent". 
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what  was  expected.  In  Table  V  are  given  other  data  from 
this  experiment  which  show  that  all  kinds  of  seeds  absorb 
more  salt  from  strong  than  from  weak  solutions  so  that  the 
real  osmotic  pressure  is  somewhat  reduced.  This  is  very 
slight  except  in  the  case  of  peas,  which  admit  the  salt  almoflt 
as  freely  as  the  water  so  that  the  net  osmotic  pressure  is 
reduced  almost  to  zero.  Peas  in  five  and  ten  atmosphere 
solutions  absorbed  practically  the  same  amount  of  water 
]  and  the  net  osmotic  pressure  is  really  the  same.    All  the 

]  seeds  except  peas  will  grow  well  in  alkali  land.    Scirpus  is 

a  native  alkali  plant  and  the  Russian  sunflower  has  been 

recommended  for  cultivation  because  of  its  immunity  from 

]  the  effects  of  alkalia.  The  rape  and  Scirpus  seeds  are  some- 

!  what  alike  in  size  and  appearance  and  practically  absorbed 

no  more  water  after  the  fourth  day.  Sunflower  and  peas  be- 
gan to  sprout  at  the  end  of  the  experiment.  The  volume  and 
specific  gravity  determinations  are  of  little  interest.  The 
percentages  of  salt  in  the  seeds  after  soaking  in  the  dis- 
tilled water  given  in  the  table  are  always  less  than  in  the 
original  seed,  showing  that  some  of  the  salts  had  been 
washed  out.  The  percentages  of  water  in  the  original  seed 
used  in  calculating  column  6  of  Table  V  are  taken  from 
Keonig  as  follows:  Buckwheat  14  percent,  rape  7  percent, 
sunflower  8  percent,  peas  14  percent,  corn  9  percent. 

'  IMBIBITION  OF  IVATBR  FROM   SAL.T  SOLUTIOIfS  BY  CORN  AND 

An  experiment  on  sweet  corn  with  five  isosmotic  solu- 
tions of  the  common  alkalies  and  sugar  gave  the  same 
results  as  were  obtained  before  on  other  seeds.  (Tables  VI 
and  VII.)  In  all  cases  five  and  ten  atmospheres  osmotic 
pressure  diminishes  the  amount  of  water  absorbed.  A 
double  check  V^as  run  in  pure  water  which  shows  that  the 
difference  between  different  seeds  due  to  surface  and 
structure  is  considerable.  The  irregularity  due  to  this  cause 
is  greater  with  corn  when  the  five  grams  contained  only 
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J  kernels  than  with  »ucb  seeds  as  rape  and  Scirpas 
'  the  three  grams  used  numbered  over  a  thousand 
lu  the  more  concentrated  solutions  of  sodium 
de  rusning  up  to  fifty  atmospheres  the  irregularities 
forty-eight  hours  became  noticeable  but  find  a  partial 
QatioD  in  the  amount  of  salt  absorbed.  The  real  osmotic 
ire  tending  to  prevent  absorption  of  water  was  not 
'  case  fifteen  atmospheres  at  the  end  of  the  experiment, 
adium  carbonate  attacked  the  corn  at  once  and  disin- 
:ed  the  kernels  so  the  tests  in  these  solutions  were  soon 
ed.  To  see  whether  physiological  forces  were  con- 
]  in  the  imbibition  of  water  before  germination  a  par- 
.est  was  made  with  dry  pine  wood  cut  into  cylinders 
5<>  mm.  long  by  5  mm.  diameter.  Water  is  absorbed 
ch  the  same  way  by  wood  as  by  seeds  and  the  presence 
t  in  solution  diminishes  and  retards  the  imbibition. 
t  will  be  noticed  that  some  of  the  salts  are  absorbed  to 
ch  greater  extent  than  others  under  originally  the 
"bead"  of  osmotic  pressure  and  this  produces  a  dif- 
re  in  the  amount  of  water  imbibed.  It  was  thought 
he  forcing  of  the  salt  into  the  seed  by  osmotic  pres- 
iiHst  be  similar  to  forcing  it  through  water  by  the  ac- 
f  the  same  force  and  if  so  the  salts  would  be  absorbed 
order  of  their  diffusibility.  Dividing  the  amount  of  the 
absorbed  per  hundred  weight  of  dry  seed  by  the 
ilent  weights -gives  the  relative  number  of  molei^ules 
I  into  the  corn  in  six  and  .1  half  days,  and  these  num- 
lay  be  compared  with  the  number  of  molecules  forced 
jh  water  in  a  given  time  by  osmotic  pressure  as  dia- 
■d  by  Long.* 

No.  of  Holeculea  Diffused       No,  of  Molecules  Absorbed 

Throurh  Water.  By  Corn 

5  AtmoB.  to  Atmoi. 

im  sulphate 6:S                                   132  303 

chloride... Hl't                                    13  ffi 

nealum    sulphate W8                                     31  76 

appears  from  this  that  salts   under  the  same   oa- 

atwald:     Lehrbuch    der  allKemelnen  Chemle,   I.  691. 
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motic  preBsurc  are  absorbed  by  seeds  in  tbe  order  of  tb 
diffuBibility.  The  ratio  ia  not  exactly  the  same  Out  tl 
could  not  be  expected  under  the  crude  conditions  of  t 
experiment  in  which  the  motive  force  was  constantly  chai 
ing. 

In  this  as  in  the  preceding  experiments  tbe  speci 
gravity  was  taken  from  a  single  sample  and  the  '*volun 
before  soaking"  calculated  from  this.  Doabtlesa  it  woi 
have  been  more  accurate  to  have  determined  the  volunip 
each  sample. 

Plotting  the  curves  of  water  absorbed  in  all  the  exp« 
ments  shows  that  tbe  curve  is  more  nearly  a  straight  1 
the  stronger  the  solution.  That  is.  the  seeds  in  pnre  wa 
absorb  rapidly  at  first  and  soon  cease  while  those  in  a 
solutions  absorb  water  more  slowly  and  regularly,  conti 
ing  to  swell  for  a  long  time  until  they  acquire  nearly  ■ 
same  amount  as  in  pure  water.  This  is  in  accordance  « 
the  theory  that  the  osmotic  pressure  tends  to  prevent : 
bibition  at  first,  and  that,  as  this  is  lessened  by  tbe  accui 
lation  of  salt  inside  the  seed,  tbe  imbibition  may  coDtin 
Field  work  shows,  too,  that  alkali  retards  rather  than  [ 
vents  germination  and  growth  with  many  crops. 

BPFBCT  OF  ALKALI  ON  THB  GERMINATION  OP  SBBDH. 

In  1896  a  series  of  experiments  on  the  effect  of  alkali 
tbe  germination  of  seeds  was  carried  on.  the  reanlts 
which  were  published  in  detail  in  Bu'lletin  No.  29.  1 
alkali  used  was  that  found  on  the  Experiment  Farm  wb 
it  amounts  to  2.26  percent  on  "the  alkali  plats,"  or.  asai 
ing  25  percent  water  in  the  soil,  it  is  equivalent  to  a  n 
percent  solution,  which  was  used  in  these  experiments.  ' 
other  solution  was  made  up  on  the  basis  of  one  percent 
the  soil  or  a  four  percent  solution.  The  composition  of 
alkali  is : 

Sodium  chloride  14.39  perc 

Sodium  sulphate 5^.16  perc 
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m  sulphate 15.41  percent 

•siiim  sulphate .20.U3  perceor 

lie  osmotic  pressure  of  this  solution  could  not  be  ex- 
alculated,  as  the  pressure  of  a  salt  in  a  miztnre  is  not 
me  as  when  alone  and  the  condnctivitj  of  calcium  sul- 
is  not  known,  but  the  osmotic  pressures  are  not  far 
6  and  33  atmospheres  respectively.  Table  VIII  gives 
LE  V11[.  —  T^  ^ecf  of  A/in/i  on  Ike  GfrminaUon  of  Seeds. 
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Tiary  of  the  results  and  shows  that  salts  in  solution 
and  prevent  germination  in  all  cases  but  that  there  is 
difTerenre  in  the  extent  of  the  deleterious  efTects  of 
in  different  crops. 

CRXI1VATION  OF  WHEAT  ANH  RYB  IN   SALT  SOLUTIONS. 

I  determine  what  kinds  of  alkali  and  in  what  amounts 
lost  deleterious  a  germination  experiment  was  car- 
t  b,v  Mr.  Fairfield  under  the  direction  of  Prof.  Buffum, 
ails  of  which  are  given  in  another  part  of  this  report. 
«■  in  how  far  osmotic  pressure  was  a  factor  in  retard- 
■mination.  Table  IX  has  been  drawn  up.  giving  the 
r  of  seeds  of  wheat  and  rye  germinated  out  of  fifty  in 
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Table  IX.—^eei  of  Salt  Solutions  oh  the  Germiitalioi 
of  IVheat  and  Jiyt. 
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two  and  three  days  id  comparison  with  the  osmotic  press 
tending  to  prevent  the  necessary  preliminarT  abaorpi 
of  wiiter.      The  results  are  very  irregii1a~    — *'~ 


,  partly  < 
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t  of  individual  peculiarities  of  the  seeds  and  partly 
use  concentration  of  the  solutions  in  contact  with 
seeds  could  not  be  as  accurately  maintained  ae 
he  other  experiments.  In  most  cases  the  num- 
germinated  in  two  or  three  days  is  in  inverse  or- 
to  the  osmotic  pressure.  At  the  end  of  five  or 
iajB,  as  may  be  seen  from  the  complete  tables,  how- 
,  there  is  little  difference  noticeable,  showing  that  in 
:e  solutions  the  alkali  retards  but  does  not  prevent  ger- 
ition.  Stronger  solutions  prevent  the  germination  of 
y  of  the  eeeda  altogether.  Sodium  carbonate  in  very 
e  solutions  seems  to  stimulate  germination,  in  stronger 
:ions  it  destroys  the  seed.  Rye  is  not  so  much  affected - 
Ikali  as  wheat.  Five  atmospheres  osmotic  pressure  by 
:ever  salt  it  may  be  produced  interferes  seriously  with 
termination  of  wheat  during  the  first  three  days  and 
tmoBpheres  prevents  it  almost  entirely.  Ten  and  fifteen 
'Spheres  pressure  produce  a  corresponding  effect  ou 


AirAI.T8E8  OF  ■WYOXHtQ    *¥■»*¥.¥, 

Several  analyses  of  alkali  from  various  parts  of  the 
:  that  have  not  previously  been  reported  are  given  in 
e  X.  The  samples  are  in  most  cases  simply  the  white 
Bit  on  the  ground  to  the  depth  of  an  inch  or  two,  so  the 
Table  X.— Analyses  of  Wyoming  Alkali. 
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percentage  of  alkali  in  the  soil  as  given  does  not  mean  any- 
thing very  definite. 

In  reporting  these  analyses,  calciam  sulphate  has  been 
excluded  for  the  following  reasons:    First,  it  is  never  injur- 
ious and  even  a  saturated  solution  of  it  is  probably  benefi- 
cial.   Second,  the  amount  of  calcium  sulphate  reported,  as 
alkali  depends  merely  on  the  method  of  extraction.    In  all 
parts  of  the  state,  except  in  the  carbonate  region,  the  «oil 
contains  a  large  amount  of  gypsum  and  if  the  soluble  salts 
are  extracted  by  percoJation,  one  may  continue  to  dissolve 
it  indefinitely.    If  the  other  method  is  used,  of  shaking  up, 
say  one  hundred  grams  of  soil  in  two  hundred  cubic  centi- 
meters of  and  filtering  a  portion  for  analysis,  the  amount  of 
calcium  sulphate  obtained  is  still  dependent  on  the  propor- 
tions of  soil  and  water.    There  should  be  an  official  defini- 
tion and  method  of  extraction  for  alkali  adopted  by  the  As- 
sociation of  Official  Agricultural  Chemists.    As  it  is  now 
there  are  so  many  ways  of  reporting  soluble  salts,  that  com- 
parison of  published  analyses  is  very  difficult.    In  the  an- 
alyses here  given  calcium  sulphate  has  been  determined, 
subtracted,  and  the  result  recalculated  on  the  basis  of  true 
soluble  salts. 

DISCUSSION  OF  RESITLTS. 

The  temptation  to  theorize  from  these  incomplete  re- 
sults could  not  be  entirely  resisted,  but  speculation  has 
been  confined  to  the  following  paragraph:  That  water 
should  be  absorbed  by  a  seed  or  plant  from  a  solution  of- 
fering a  great  opposing  osmotic  pressure  is  not  surprising 
when  we  consider  the  enormous  forces  concerned  in  imbi- 
bition. The  wetting  of  blocks  of  wood  is  used  for  splitting 
granite  rocks  and  raising  buildings.  Internal  osmotic  pres- 
sures of  living  plant  cells  has  been  measured  to  twenty  at- 
mospheres.* 

That  the  forces  concerned  in  the  absorption  of  water 

*Noll:    Lehrbuch  der  Botanlk  fur  Hochschulen,  p.  139. 
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Its  by  the  seed  and  probably  by  the  plant  roots  are 
al  or  chemical  rather  than  physiological*  is  evident, 
ie  not  yet  known  exactly  what  they  are.  The  fact 
le  saJtB  absorbed  from  soil  solutions  are  not  always 
me  aa  those  reported  by  chemical  analysis  to  be  in 
ntlon,  was. a  source  of  great  perplexity  to  the  older 
its,  who  were  obliged  to  ascribe  very  remarkable 
re  powCTS  to  tbe  root  hairs.  According  to  the  modern 
of  solutions  this  offers  no  difficulty  since  it  is  known 
Its  do  not  exist  as  such  in  solutions  bat  in  their  ionic 

The  experiments  here  given  indicate  some  relation 
n  the  diffusibi^ity  of  salts  and  their  absorptioD  by 

If  farther  experiment  shows  this  to  be  general  and 
Lble  also  to  roots  it  would  apparently  give  foundation 
heory  of  the  selective  absorption  of  salts  by  plants, 
inm  for  example  has  a  migration  velocity  of  59.7  com- 
:o  41.1  for  sodium,  which  may  account  for  potassium 
aken  up  by  the  plant  in  preference  to  sodium,  regard- 

their  original  proportions  in  tbe  soil.  It  bas  long 
Qown  but  never  explained,  that  the  presence  of  non- 
ve  salts  in  the  soil  infiuences  to  the  marked  degree 
jorption  of  plant  food.  Now  it  is  found  that  the  dlf- 
ity  of  a  salt  is  different  when  mixed  with  other  saJta 
bat  it  is  when  alone.  When  two  salts  are  in  solution 
ir  the  more  rapid  is  accelerated  and  the  slower  is  re- 

both  absolutely  and  relatively. §  For  example:  The 
n  of  gypsum  to  the  soil  would  therefore  increase  the 
t  of  potassium  diffused  into  a  plant,  a  result  which 
ecordance  with  fertilizer  practice  and  suggests  the 
lity  that  a  rational  system  in  the  use  oi"  fertilizers 
rentaally  replace  the  present  empiricism.  It  would 
'  to  calculate  exactly  what  salts  added  to  a  soil  sola- 

e  word  pl^BlolOKlca.1  )a  iiii«d  here  In  Its  cuBtomary  sense  to  In- 
enomena  of  life  not  othenvlae  claselHed.  It  Is  ft  euphemism  tor 
B  Ilk«  tbe  word  cbance  In  physics  and  fate  la  metaphysics. 

:wnJd:    Lehrbucb  der  allg.  Chemle.  I,  696. 
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tion  would  produce  the  greateat  acceleration  to  the  nni 
lious  elements  and  retard  the  deleterious.  SelcHon  abso 
tion  of  salts  is  of  course  not  a  property  of  living  mat 
alone.  Charcoal,  soil,  sand  or  filter  paper  will  absorb  certi 
salts  front  a  solution  and  leave  others  or  even  take  out  I 
basic  party  of  a  salt,  leaving  the  Bolution  acid."  Ionic  mig 
tion  velocities  and  absorption  will  certainly  go  far  towi 
explaining  the  phenomena  of  plant  nutrition.  If  the  posit 
ions  diffuse  into  the  plant  more  rapidly  than  the  negat 
ions,  there  would  be  a  difference  of  electrical  potential,  a 
the  soil  solution  around  the  roots  would  become  acid.  B< 
these  phenomena  have  been  observed,  but  it  has  been  S! 
posed  that  the  root  hair  "excreted"  the  acid  which  is  a 
to  decompose  granite  fragments.  It  would  seem  a  possi 
hypothesis  that  this  acid,  which  is  equivalent  to  hyd 
chloric  acid  of  1.115  specific  gravity,  might  be  produced 
the  acid  radicles  left  behind  in  the  soil  when  the  posit 
ions  entered  the  plant. 

A  dini<'ulty  in  the  way  of  the  study  of  the  effects 
salts  in  solution  on  plants  and  seeds  that  will  probably  i 
vent  any  exact  numerical  relations  being  established 
tween  the  concentration,  the  solution  and  the  imbibitioi 
water,  is  that  owing  to  absorption  the  concentration  of 
solution  on  the  surface  of  seeds,  roots  and  soil  grains  is 
the  same  as  that  of  the  free  solution.  No  method  for 
termining  the  correction  to  be  applied  for  this  is  at  pres 
known. 

So  much  attention  has  b;'en  given  to  injurious  effecti 
alkali  that  it  has  generally  been  overlooked  that  the  at 
dance  of  soluble  salts  in  the  soil  is  of  benefit  in  several  w 
to  plants  that  can  stand  it.  There  is  always  more  wate 
alkali  soils  than  in  other,  partly  because  it  lessens  evap< 
tion.  The  evaporation  from  a  16.16  percent  solution  of  c 
mon  salt  calculated  from  the  vapor  pressure  is  eight  pen 
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ban  from  pure  water.*  Whether  the  aame  ratio  holds 
le  evaporatioD  from  soil  wet  with  pure  water  and  with 
olutioDB  is  Dot  kDOWD.  Plants  growing  in  alkali  land 
a  large  amount  of  salts  in  their  sap.    This  helps  the 

to  acquire  water  from  the  soil  by  increasing  the  in- 
I  osmotic  pressure  and  also  to  preserve  its  water  by 
ling  transpiration.  It  would  seem  better  policy  to  try 
aw  agricultural  plants  that  can  endure  and  use  the 

as  some  weeds  can,  rather  than  to  attempt  to  elim- 
it  from  the  soil.  Experiments  have  proved  that  it  is 
jle  to  accustom  certain  of  the  lower  plants  and 
lis  to  different  osmotic  pressure  of  the  surrounding 
iDi.§  It  is  possible  that  something  could  be  done  with  . 
I  plants  in  the  way  of  acclimatizing  them  to  the  arid 
1  either  by  selection  or  development, 

FUXUItE  WOBK. 

L  number  of  experiments  have  been  carried  out  on  the 
:h  of  plants  in  salt  solutions  on  the  same  lines  as  those 
bibition  and  germination  but  will  be  continued  another 
before  publication.  More  work  will  also  be  done  in 
bsorptiou  of  water  and  salts  by  seeds  and  plants  to 
he  theories  here  suggested,  particularly  in  regard  to 
velocities  and  the  effect  of  solutions  of  mixed  salts, 
'ses  of  plants  immune  to  the  bad  effects  of  alkali  are 
made  in  connection  with  the  study  of  the  botanist  of 
atlon  on  their  structure.  When  the  cause  of  immunity 
ire  thoroughly  understood,  experiments  on  the  ac- 
lation  of  useful  plants  to  the  conditions  of  the  arid 
1  will  be  conducted  in  a  more  extensive  and  systematic 
:han  is  being  done  here  at  present.  Experiments  on 
ration  from  solutions,  from  soils  containing  alkali 
•om  plants  in  such  soils  are  now  under  way.    There  is 

emnt:    Theoretical  Chemistry,  p.  £26. 

he   beat  resume  of   the  work  done  on  the  relation  Ot  osmotle  pT«a- 

1   plant   life  la  found   In    Davenport;    Experimental    Morphology, 
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much  Deed  of  light  on  the  Bubject  of  the  effect  of  soil  sal 
on  transpiration.* 

The  above  statement  of  the  work  we  are  andert&kit 
is  published  for  the  purpose  of  putting  us  in  communicatit 
with  other  stations  working  on  the  same  problems.  Tt 
possible  lines  of  investigation  are  so  much  more  nnmeroi 
than  the  workers  that  it  is  a  great -'pity  the  labor  shoal 
be  wasted  in  duplication  because  of  lack  of  codperation. 

BUMMART. 

Experiments  on  the  imbibition  of  water  bj  a  large  nnii 
ber  of  different  kinds  of  seeds  show  that  in  all  cases  tt 
presence  of  salts  in  solution  hinders  the  absorption  of  wate 
Isosmotic  solutions  produce  nearly  the  same  effect,  ahoi 
ing  that  the  osmotic  pressure  is  more  important  than  tt 
kind  of  salt.  Retardation  of  imbibition  does  not  increai 
proportionally  with  tlie  osomotic  pressure  or  with  the  coi 
centration  of  the  solution,  but  less  rapidly.  An  osmot 
pressure  of  five  or  ten  atmospheres  retards  the  irabibitio 
of  water  to  a  considerable  extent  with  all  seeds  and  in  dilm 
solutions  a  difference  of  one  atmosphere  makes  a  percept 
ble  difference  in  most  cases.  Salts  are  absorbed  from  sol 
tion  by  seeds  but  not  in  the  proportion  in  which  they  eiii 
in  tbe  water.  The  accumulation  of  salt  in  the  seed 
gradual,  so  the  osmotic  pressure  of  the  solution  in  the  sef 
tends  to  approach  that  outside.  That  the  imbibition  i 
water  is  not  due  to  the  action  of  life  is  shown  by  the  f* 
that  similar  results  are  obtained  from  living  and  dead  seec 
and  dry  wood.  Dilute  solutions  of  the  common  alkali  sal 
do  not  poison  the  seed  or  prevent  its  germination  when  tt 
conditions  become  more  favorable.  Different  salts  are  a 
sorbed  from  solutions  in  proportion  to  their  diffusibilit 
The  percent  of  water  imbibed  by  seeds  in  distilled  water  h 
fore  their  germination  is  as  follows:    Com  106,  sunflowi 

■Maxwell's  resultB  (American  Chem.  Journal.  XX,  US)  we  In  din 

contradiction  to  the  atateroents  In  Ihe  text  books. 
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teas  120,  buckwheat  65,  rape  67,  scirpas  33,  wheat  62. 
lermination  of  seeds  in  various  salt  solutions  gives  re- 
Bimilar  to  those  on  the  imbibition  of  water.  Wjoming 
coDBists  princinally  of  sodium  sulphate,  sodium 
de  and  magnesium  sulphate  in  varying  proport:ions, 
1  some  parts  of  the  state  the  magnesium  sulphate  is 
■ed  by  sodium  carbonate. 
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Meteorological   Report  For  1898. 


The  work  of  the  meteorological  department  has  been  a 
continuation  of  that  of  previous  years.  Obscn'vatioiis  \i\m\\ 
atniOHpheric  conditions  and  soil  temperature  at  variolic 
depths  have  be<»n  taken  twice  daily,  at  7  a.  m.  and  7  p.  m. 

The  obhWTvations  have  been  reported  monthly  to  the 
United  States  Weather  lUireau  at  Wasliinpton,  and  to  the 
Wyoming  Section  at  Cheyenne.  Weikly  climate  and  crop 
rc^ports  have  also  been  sent  to  the  (Mievenne  office. 

The  latitude  of  the  Station  is  41  -  IS'  tUM''  Norih.  and 
the  longitude  105°  ;U'  5:^.75''  West  from  (Jrc^enwich.  The 
altitude  of  the  standard  barometer  is  7,191  ft^t. 

The  equipment  of  the  Station  Tor  met  'on.l  jj'.cal  ob- 
servations consists  of  the  following:  A  (luadruj)le  i'egi>ter 
with  two  automatic  pens  for  registering  the  velocity  and  di 
rection  of  the  wind;  a  Draper's  self-recording  thciiuoiih- 
ter;  a  standard  mercurial  barometer;  one  Richard's  sJf 
registering  aneroid  barometer;  a  sling  })svchrometer;  ^ix 
soil  thermometers  at  difTerei  t  depths  in  the  ground;  a  maii 
mum  and  a  minimum  self-register'ng  thermometer,  a  bcuk 
jj^au<r(*  and  c^va'poration  tanl:;  a  stiuidarJ  eight-inch  ran 
gauge;  a  maximum  and  aminimuiu  self-registi  ring  holar  ra 
diation  thermometer. 


Summarv. 


High(»st  t(Mn]:erature,  SS,  Jun<'  -10  and  July  2G. 
Lowest  teT]i])ei'ature,  — '2:\,  Januarv  20. 
Mean  t(^n»]:<'ratur(^  for  the  year,  *58.I^. 
(ireatest  daily  rangt*  of  temi)erature,  57,  June  20. 
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uwo'l  (]jiil,v  ranfie. :{.  Ffbruarj-  :;;;;, 
'< iii!  diiilv  riinK*'  ">f  li'iiii.fiiihiie  for  tin-  \vai\  2(i.4. 
I(  ait  n-hitivc  litiii:iiiily  for  the  vcar,  57.«. 
owcst  relative  huiiiidit.v,  i;t,  July  :!6  ami  September  19. 
liphcst  (lew  i;oiut,  5.S.  July  HI. 
owfst  dfw  iiuint,. — '21,  Dceeraber  9.  > 
lean  dew  [WHiit  for  the  year,  '2'-i.S. 
Ircat*  St  terreatrial  radiation,  12,  Jn.  e  11. 
lean  teri-PBtrial  radiatiiin  for  the  year,  ■'[.!). 
iighest  bai*onieter,  L':t.4(IS. 
lOwest  barometer,  '2'2A7. 
lean  barometer  for  the  year,  23.(120. 
liphest  monthly  preci|iitati<)n.  1.88  in.,  in  -Tune. 
.owe(*t  monthly  (jret^ifitation,  traces  in  Septiniber. 
liflheiit  ( rcripiration  during  anv  isingle  utorni,  .55  in.. 
»t  4. 

rotal   pretit.itation:     ll^in.   Vi.9-2  in.;  1WI2.   12.7:{    in.; 
:!.S4  in.;  ISfll,  7.(i.1  in.;  1SJ»5,  11.15  in.;  lS!)fi,  10.75  in.: 
11.39  in.;  W\S.  7.fi:!  in. 
lean  preeijiitation  for  eiglit  years,  9.95  in. 
^vapoiation,  41.40  inches,  from  April  15  to  October  1^. 
ircatest  monthly  evaporation,  W.Xi  inches  in  Jun  ■. 
lean  soil  tcntpeiatnres:    ;'  in..  42.3;  6  in..  44.3;   12  in., 
24in..44,S;  :{fi  in..  45.3;  72  in..  44.5. 
'revailinR  direction  of  the  wind,  sonthwest. 
ii-eatest  velo<'ity  of  wind,  fill  miics  j)er  hour, 
'otal  nnmber  of  niih's  traveled  bv  wind  during  the  voa  ■ 
days!.  9it..-.71." 

Sreatest  number  of  miles  traveled  in  one  month,  11.118. 
irch. 

^owest  nnmber  of  miles  traveled  in  one  month.  4  S.14. 
J  gust. 

Iverage  number  of  miles  for  each  nioitth  S.297.(i. 
Jreatest  number  of  miles  in  one  day.  700,  October  3. 
;east  number  of  miles  in  one  day,  24,  August  17, 
lean  daily  distance  traveled,  28.t.7. 
lean  hourly  distance  traveled.  U.S. 
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Cultivated  Shade  and    Forest  Trees. 


B.   C.   BUFFUM. 


Our  mountains  are  covered  with  va«t  forests,  while 
our  plains  and  even  our  river  valleys  are  practically 
treeless.  Belts,  groves  and  scattering  specimens  of 
Cottonwood,  boxelder,  willow  and  alder  are  found  along 
our  streams  for  ten  or  twenty  miles  below  where  they 
leave  the  mountain  range  but  farther  down  trees  of 
any  kind  are  generally  absent  or  infrequent.  At  high 
altitudes  the  banks  of  the  smaller  streams  and  even 
those  of  the  large  rivers  where  they  course  through 
the  mountain  parks  and  valleys,  frequently  sujiport 
no  tree  growth.  At  lower  altitudes  in  the  northern,  central 
and  eastern  portions  of  the  state  small  streams  are  often 
fringed  with  boxelder,  occasionally  a  green  ash  is  found 
and  here  and  there  a  variety  of  bushes.  In  the  extreme 
north-eastern  \mvt  of  the  state  there  are  some  good-sized  oak 
and  birch  trees.  That  there  are  no  trees  along  the  lower 
courses  of  our  streams  where  the  conditions  of  moisture  are 
favorable  has  often  been  remarked,  but  as  far  as  I  know 
has  not  been  explained.  Undoubtedly  the  protection  afford- 
ed by  the  mountains  favors  the  growth  of  trees  near  them, 
but  the  same  species  thrive  when  planted  upon  irrigated 
uplands  farther  away.  Small  willows  are  commonly  found 
the  whole  length  of  the  stream.  Our  observations  indicate 
that  cottonwoods  either  will  not  live  or  that  they  make  poor 
grow^th  upon  soils  which  contain  large  amounts  of  alkali 
salts.  Willows  which  rapidly  grow  into  trees  will  succeed 
better  than  any  other  species  on  alkali  ground.  The  absence 
of  trees  away  from  the  streams  is  easily  explained  by  the 
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lack  of  sufflcieut  moisture.  Sagebrush  is  found  a 
everywhere  and  in  certain  localities  where  coDditio 
moisture  and  exposure  favor  its  growth  it  actually  a 
the  size  and  height  of  trees.  Ordinarily  it  remains  fro 
inches  to  two  and  one-half  feet  high. 

It  IB  not  our  purpose  here  to  discuss  the  native  fon 
pine  and  spruce  further  than  to  briefly  state  their  e 
the  danger  of  their  extinction,  and  the  necessity  of 
preservation.  It  is  estimated  that  approximately  on€ 
the  area  of  the  state,  or  about  10,000,000  acres  of  land ' 
our  borders,  is  covered  with  timber.  All  this 
the  mountain  regions  and  forms  great  natural  si 
reservoirs  which  catch  the  snows  of  winter  and 
them  till  late  spring  and  early  summer,  giving  a  i 
supply  of  water  when  moat  needed  to  irrigate  gr 
crops  in  the  valleys  and  on  the  plains  below, 
year  fires  started,  either  accidentally  or  purposely,  bur 
thousands  of  acres  of  these  forests.  Irrigation  is  tl 
of  our  agriculture,  and  its  future  welfare  in  this 
largely  depends  upon  the  proper  care  and  manag 
of  the  native  forests.  In  addition  they  supply 
lumber  and  an  abundance  of  timber  for  buildings, 
and  wood.  Although  we  have  these  great  mountain  f 
a  class  of  vegetation  greatly  needed  upon  oar  irt 
farms  and  ranches  is  trees.  Man's  power  to  mitigs 
bad  elTects  of  climate  and  sudden  changes  of  weatbe 
himself  or  the  animals  and  plants  useful  to  him  is  com 
increasing.  He  can  overcome  effects  of  weather  in  i 
ways  but  his  ability  to  modify  climate  is  limited.  He 
houses  and  barns  to  shelter  himself  and  his  domeal 
nialf,  and  g)a»s  houses  in  which  to  grow  the  tender 
By  planting  trees,  he  provides  a  grateful  shelter  to  1 
And  his  live  stoclt  and  provides  conditions  under  whici 
plants  can  be  made  to  succeed,  which  would  not  ott 
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grow  at  all.  Shelter  belts  to  protect  animals  from  winds 
and  storms  are  invaluable  to  the  stockman.  Protection 
from  the  cold  saves  dollars  and  cents  in  the  value  of  the 
food  which  would  be  consumed  merely  to  keep  them  warm. 
Upon  large  ranches  where  there  is  more  stock  than  it  is 
possible  to  provide  buildings  for,  sufficient  shelter  belts 
often  prevent  heavj'  losses  from  exposure  during  storms.  A 
good  tree  shelter  of  native  cottonwoods  is  shown  in  the  illus- 
tration which  was  made  from  a  photograph  taken  on  the 
Wyoming  Hereford  Ranch  east  of  Cheyenne.  We  repro- 
duce the  cut  through  the  courtesy  of  the  Secretary  of  State, 
C.  W.  Burdick. 

Thft  influence  of  trees  upon  the  growth  of  plants  has 
not  been  given  the  attention  and  thought  it  deserves.  In 
every  new  agricultural  region  of  the  west  old  timers  com- 
monly remark  that  the  climate  has  changed.  W^hen  they 
^rst  came  to  the  country  it  was  impossible  to  grow  many 
plants  which  now  flourish.  Apparently  the  meteorological 
records  do  not  bear  out  the  statement  that  there  has  been  a 
change  in  climate,  that  the  average  rain-fall  is  more  or  less 
or  that  the  temperature  is  higher  or  lower  than  for  a  series 
of  years  tw^enty  years  or  more  ago.  That  fruit  trees  or  any 
other  class  of  plants  easily  succeed  now  where  in  earlier 
times  they  generally  died,  is  well  known.  These  first  attempts 
were  made  in  exposed  places  where  the  winds  and  summer 
suns  had  unchecked  access  to  their  tender  trunks  and 
branches.  It  is  true  that  many  tender  varieties  were  plant- 
ed, but  even  the  hardier  kinds  did  not  flourish.  As  the 
country  develops,  buildings  and  fences  are  constructed  and 
that  which  is  more  important,  windbreaks  of  hardy  trees  are 
planted  which  temper  the  winds,  shade  from  the  scorching 
sun,  prevent  rapid  loss  of  water  by  evaporation  and  make 
the  place  habitable  for  plants  which  could  not  live  there  be- 
fore. The  people  who  came  to  Denver  and  Northern  Colo- 
rado thirty  years  ago  at  first  despaired  of  growing  even  har- 
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dy  fruits  and  other  crope.  Now  enormous  quantities  of  1 
are  raised  and  where  sufficient  shelter  by  surrounding  I 
trees  is  furnished,  even  peaches  are  reaching  j>erfectioi 

In  Wyoming  we  have  the  same  conditions,  and  tha 
youu^  orchards  have  succumbed  to  sudden  severe  chau) 
the  weiither  should  not  discourage  the  planter.  Ther 
be  no  doubt  that  they  will  eventually  succeed. 

The  kind  of  plants  which  are  useful  to  man  have 
made  so  by  long  ye.nrs  of  cultivation  and  care,  under  ( 
tions  essentially  different  from  ours.  Therefore  when  ) 
ed  here  they  must  be  given  snch  care  and  shelter  as 
partially  meet  the  conditions  to  which  they  have  bet 
customed.  By  increasing  the  number  of  hardy  native 
we  produce  the  best  windbreaks.  When  enough* of 
are  growing  upon  every  farm  in  a  community  the  effect 
pinnts  and  stock  is  virtually  the  same  as  moving  to  a 
altitude  or  many  miles  to  the  south  and  the  difficult 
fiitit  experienced  in  raising  many  fruits  no  longer  exist, 
these  facts  in  mind  it  is  readily  seen  that  the  plant 
trees  is  a  public  benfactor,  not  only  of  his  own  time  1 
all  time  to  c<mie. 

The  kinds  of  tf*-es  to  plant  lirsl  are  those  which 
rally  grow  nnder  the  most  adverse  conditions.  After 
become  a  protection  more  tender  and  desirable  kind: 
succeed.  There  are  a  few  tree  claims  and  wind-break 
side  <if  onr  towns,  but  the  majority  of  our  fanuei-s  have 
the  subject  litlie  atlention. 

The  typical  Wyoming  ranch  is  everywhere  tliouj 
as  a  collection  of  low  buildings,  fences  and  Imy  stacks. 
out  a  tree  in  siglit.  Onr  pi<-tnre  is  of  such  a  ranch  nei 
mouth  of  No  Wood  Kiver  in  Itig  Korn  Tounty.  Thi; 
dition  is  rajndly  changing,  however.  With  the  devcloj 
of  the  irrigated  farm  these  temporary  randies  are 
transformed  into  comfortable  homes.  In  rural  distri 
in  towns  the  first  phnitings  are  for  shade  and  ornamei 
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tkall.v  all  the  trees  other  than  fruits  planted  in  Wyo- 
;  up  to  the  present  time  have  been  set  out  for  such 
loses.  In  the  interest  of  improvement  and  better  taste 
k'oiild  diHCOurage  the  usual  methods  pursued  in  ao-Lnlled 
mental  plantini;.  Landscape  canleuing  is  the  highest 
of  art  and  in  its  practice  he  who  iuiitates  nature  most 
:^ly  is  tlie  best  artist.  Nature  never  planted  her  land- 
es  with  her  most  beautiful  figures  in  rows,  each  row 
lly  distant  from  its  neighbor,  the  figures  in  the  rows  set 
liial  distances  and  all  in  matheniati<'al  exactness  with 
rd  to  every  feature  of  the  scene,  yet  how  often  is  this 
eHs  followed  out  in  tlie  attempt  to  decorate  home 
nds.  Were  it  not  for  the  far  reaching  influence  of  such 
tings  in  temi>eriug  the  winds  and  climate  and  that  trees 
.here  are  beautiful  in  contrast  to  the  usual  barrenness  of 
dain,  I  would  say  that  it  were  better  not  to  plant  at  all, 
uld  not  discourage  rows  of  trees  along  our  streets  or 
•s,  ditches,  and  the  borders  of  orchards  and  gardens  for 
:er  beltH,  Here  they  become  a  part  of  the  general 
me,  are  useful,  beautiful,  in  place.  In  ornamenting  the 
;  grounds  let  every  yard  be  a  landncape  with  har- 
OU8  effect,  reflecting  the  artistic  taste  of  the  owner.  A 
ral  landscape  delights  us  because  there  is  variety,  ir- 
larity,  and  curved  lines  of  beauty  everywhere.  We  can 
imjirove  on  such  landscapes  by  adding  variety  while 
ireserving  harmony,  and  thus  securing  throughout  a 
•  of  order,  unity  and  neatness.  In  planting  yards,  then, 
rees  and  Hhriibs  along  the  borders  with  well  designed 
?»  to  give  the  effect  of  seclusion  in  one  part  and  of  open- 
and  distance  in  another.  A  small  yard  can  be  made 
ifiear  sjjacious  by  proper  care  exercised  in  the  planting. 
i  or  objects  which  are  grotesque  or  ftriking  should 
p  be  put  in  prominent  places  as  in  the  center  or  fore- 
nd  of  a  lawn.  In  such  localities  they  detrai-t  from  the 
<»nv  of  the  whole,  bv  suddenlv  attracting  the  attention 
-(3) 
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to  a  single  incongruous  object.  The  entirety  of  the  i 
is  marred  or  lost,  lly  keeping  these  simple  rules  in 
every  planter  can  produce  effects  which  will  be  plea 
There  is  the  greatest  o|iportunity  for  indivuality  and  cl 
to  secure  results  which  have  a  meaning  of  their  own. 
our  somewhat  limited  list  of  trees  which  succeed  in  ui 
tered  places,  there  is  consequently  a  necessity  for  a 
thought  and  study  to  secure  the  best  results  in  the  end. 


THE  PLANTING  AND  CARE  OF  TREE 

So  much  has  been  written  on  this  subject  that  w 
only  try  to  indicate  that  which  w'enis  to  be  the  best  pr 
for  our  state. 

1.  In  taking  up  trees  get  plenty  of  roots.  Prote 
roots  to  keep  them  from  drying  out, 

-.  The  more  roots  the  better.  We  do  not  belii 
root  pruning, 

:i.  A  transplanted  tree  should  be  set  in  the  groui 
same  depth  it  was  when  standing  in  the  nursery  or 
before  it  was  taken  up.  and  no  deeper, 

4.  A  hole  shonld  be  dug  large  enough  to  aocon 
all  the  roots  witliout  bending  or  breaking  them. 

5.  In  setting  trees  spread  the  roots  naturally, 
good  soil  in.  around  and  over  them,  pressing  it  down, 
fill  the  whole  with  water.  After  the  water  has  seei)e< 
finish  filling  with  soil,  jtacking  firmly  around  the  trunl 

6.  Sfodeifltely  prune  hack  the  tojis  of  deciduouf 
Cutting  back  large  tree  trunks  when  transplanting  \t 
practice,  as  they  invariably  die  somewhat  below  the  ( 
(doming  unwightly,  and  from  tliis  nucleus  decay  is  very 
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1,  gradually  creeping  down  the  center  or  one  side  of 
Lin  trunk,  deforming  and  sometimes  eventually  killing 
«.  Always  make  slanting  cuts  on  top  limba  and  cover 
ith  shellac  or  paint. 

The  roots  of  evergreens  should  never  be  exposed  to 
r.  When  they  dry  out  the  resin  or  pitch  in  the  bark 
ea  thick  and  water  will  never  again  thin  it. 

After  the  tree  is  set  out  never  let  it  suffer  for  water, 
iwoods  and  willows  need  a  continual  supply  but  will 
well  if  there  is  no  drainage. 

Never  allow  sod  or  weeds  to  grow  immediately 
i  the  trunks  of  trees.  If  the  trees  are  planted  close  to- 
■  in  groves  or  belts  for  wind-breaks  the  sod  will  not 
e  around  the  bases. 

t.  In  pruning  trees  cut  out  all  dead  branches.  If  for 
)reaks  or  shcrlter  allow  the  lower  limbs  to  grow.  In 
g  off  a  limb  or  branch  never  leave  a  stub  on  the  tree 
im  it  smooth  with  the  trunk. 

I.  For  ornament  plant  trees  in  clumps  or  groves  in- 
of  rows.  For  shelter  plant  on  the  sides  from  which 
Jing  winds  blow.  In  this  state  this  will  almost  invar- 
je  on  the  south  and  west.  For  general  utility  plant  in 
favorable  place  where  they  can  be  irrigated. 
!.  Use  judgment  in  feeding  trees  and  in  preventing 
3  and  disease  from  feeding  upon  them. 


EXPERIMENTS  AND  OBSERVATION! 

In  l«fl2  small  plats  were  set  aside  upon  tUe  E 
nient  Farms  at  Lander,  Laramie,  Saratoga,  Sheridan 
dance  and  Wheatland  for  experiments  with  shade  and 
trees.  In  no  case  were  the  plats  protected  by  wind-bif 
other  shelter,  though  the  farms  at  Sundance  and  at  I 
were  favored  somewhat  hy  being  near  the  surroi 
mountains.  A  a  few  had  attempted  to  grow  fi-ees  tli 
object  was  to  determine  by  trial  what  kinds  would  si 
in  each  locality.  The  moat  of  the  trees  set  ont  tli 
year  were  two  years  old,  though  some  seedlings  weit 
In  1895  seeds  of  a  number  of  varieties  were  planted 
ditTerences  of  altitude  with  accompanying  weather  cl 
and  the  conditions  of  climate  and  soil  have  produced 
ent  resnlts  in  each  part  of  the  state.  At  high  altitin 
upon  the  Laramie  Plains,  the  growing  season  is  coi 
tively  short.  Sudden  frosts  in  the  fall  arrest  the  gro 
many  trees  before  they  have  ripened  their  wood.  Si 
the  slow-growinfi  kinds,  as  the  hard-wood  trees,  fail 
crease  in  size  above  the  ground  because  each  season's  | 
dies  back  to  the  original  stem  or  to  the  top  of  the  \ 
in  the  fall  or  winter.  This  has  occurred  year  after  yea 
the  ash,  elm.  and  honey  locnst,  and  even  upon  the  ^ 
where  given  no  protection  or  moisture  through  the  ' 
This  is  well  illustrated  in  the  picture  of  white  ash  a 
trees  showing  six  years'  growth  at  Laramie,  and  of  ^ 
along  the  ditch  in  foreground  of  the  picture  showing 
woods  and  willows  of  five  years'  growth  at  Laramie, 
are  two  white  ash  at  the  left  and  a  white  elm  at  th 
of  the  one  foot  rule.  These  trees  were  planted  upon  i 
jieriment  Farm  when  seedlings  and  irrigated  each  si 
After  having  stood  six  years  they  were  taken  up  and 
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^{ihfd.  A  good  root  development  has  been  made  for  the 
te  of  the  tops  but  the  small  whip  produced  each  gnmmer 
es  ilown  to  the  ground  the  following  winter.  As  the  El- 
ude decreases  or  more  protection  is  afforded  the  seaeon's 
owih  increases  and  the  dying  back  in  the  winter  be- 
nies  less  frequent.  In  a  protected  place  in  Cheyenne  a 
ousiiitd  feet  lower  than  the  Laramie  Plains  we  have  a 
L'oi'd  of  a  season's  growth  on  white  ash  of  nearly  three 
^t  while  only  a  few  of  the  top  limbs  died  in  the  winter, 

Wheatland,  two  thousand  five  hundred  feet  lower  than 
nimie.  white  ash  made  a  growth  in  one  season  of  fifty 
•hfs  and  no  trouble  had  been  reported  of  even  the  top 
ilts  dying  back. 

The  canse  of  the  winter  killing  of  trees  and  shrubs,  as 
well  set  forth  in  Bulletin  No.  15  of  this  station  by  Pro- 
sor  Aven  Nelson,  is  the  drying  out  during  the  winter, 
asons  are  also  given  in  the  same  bulletin  for  believing  thnt 
■h  loiis  of  moisture  is  greater  at  high  altitudes. 

That  shelter  by  surrounding  trees,  buildings,  or  other 
jt-cls  which  protected  from  winds,  secnres  the  same  effect 
saving  trees  through  the  winter  as  does  a  lower  altitude 
th  its  longer  growing  season,  is  well  illustrated  by  the 
l  that  we  have  been  unable  to  grow  boxelders  at  all  upon 
-  Experiment  Farm  while  in  sheltered  yards  in  Laramie 

■  trt-es  have  attained  considerable  size. 

The  following  notes  indicate  briefly  the  results  of  our 
lis  with  ditTerent  trees,  the  general  hardiness  and  utility 
each  and  how  they  may  be  propagated  or  obtained. 

COTTONWOODS  {I'opulvs.) 
Five  species  of  poplars  have  been  found  native  in  the 
tf."     Three  of  these  are  commonly  called  Cottonwoods, 

■  the  Balm  of  Gilead  and  the  other  the  Quaking  Asp. 

^.  BuIkhi.No.J«,p.  IS(I, 
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The  poplars  are  di<£cioiiB,  i.  e.,  the  male  aod  ffu 
flowers  are  borne  on  neparate  trees.  A  a  the  cotton  is  sue 
nuisance  in  yards  and  along  the  streets  it  is  quite  import 
only  to  plant  in  such  places  the  male  trees,  which  prod 
no  cotton.  We  know  of  no  way  of  teliinp  the  trees  nl 
produce  cotton  from  those  which  do  not  when  the.r 
young,  but  it  is  an  easy  matter  to  propagate  the  kind  wao 
Cottoowoods  grow  readily  from  cuttings.  Cuttings  t 
male  trees  or  those  which  do  not  bear  cotton  will  prcHJ 
male  trees.  Anyone  raising  their  own  trees  from  ciitti 
Bbonid  bear  this  in  mind,  in  order  to  get  rid  of  this  ot 
tionable  feature.  Some  trouble  has  been  experiencet 
this  state  by  such  rapid  growing  trees  becoming barkboi 
especially  on  the  south  and  west  sides.  When  this  (>c( 
split  the  bark  open  up  and  down  the  trunk  once  or  ti 
during  the  season.  Oottonwoods  will  grow  in  most  tr 
situations  if  given  plenty  of  water.  They  have  succe* 
better  with  us  where  planted  upon  rather  shallow  soil ' 
sandy  or  gravelly  subsoil  and  given  a  continual  snppi 
water.  In  regard  to  their  general  usefulness,  Profe 
Bailey  of  Cornell,  writing  for  New  York  State,  says:  "j 
group,  the  poiilars  possess  comparatively  small  vain 
landscape  planting.  *  •  *  A  very  rapid  growing  tree  ne 
always  produces  cheap  effects.  •  •  •  There  is  little 
suggests  strength  and  stability  in  willows  and  poplars 
for  this  reason  they  should  always  be  used  as  mino 
secondary  features  in  ornamental  or  home  grounds.  W 
quick  results  ai*  desired  there  is  nothing  better  to  plant ' 
these  trees,but  better  trees,  like  maples,oak8.or  elms-sh 
be  planted  with  them  and  the  poplars  and  willows  sh 
be  removed  as  fast  as  the  other  species  begin  to  afford 
tection.  •  •  •  The  cottonwood  is  perhaps  the  best  ot 
spreading  its  gray  branches  far  and  wide,  but  like  the  af 
it  is  cheerful  and  restive.  One  is  not  moved  to  lie  und 
as  he  is  under  a  maple  or  oak.     Its  leaves  rustle  witli 
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3t  movement  of  air.  The  ripple  of  its  foliage  always 
to  ray  mind  the  play  of  wavelets  upon  a  pebbly  shore. 
ly  is  never  so  dark  but  the  cottonwood  reflects  a 
'  light." 

rce  of  circumstances  necessitate  onr  disagreeing  with 
of  these  remarks,  for  we  would  be  loath,  indeed,  to 
the  cottonwood  for  our  permanent  plantings.  The 
■  of  kinds  of  trees  which  we  know  to  be  hardy  enough 
d  oup  climate  is  limited.  In  fact,  the  only  one  which 
ly  great  use  for  shade  at  the  altitude  of  a  great  part 
state  is  the  cottonwood.  We  admit  that  their  con- 
moving  foliage  is  not  conducive  to  the  midday 
jot  on  the  other  hand  they  are  emblematic  of  the  ner- 
lergy,  the  bustle,  the  push  characteristic  of  western 
Once  for  all  we  might  as  well  decide  to  accept  the 
vood  with  thankfulness  that  we  have  so  noble  a 
d  set  about  conscientiously  to  make  the  best  use  pos- 
it in  producing  pleasing  effects  in  our  landscapeH. 

JBERG'g  COTTONWOOD  OR  SMOOTH  B.\RK. 

(Popttlus  acuminata  Bydberg.) 
is  is  the  hardiest  and  best  of  our  native  cottonwoods 
livation  in  this  state.  It  will  grow  anywhere  if  suCD- 
oisture  is  supplied,  and  thrives  especially  well  where 
er  are  planted  together,  as  they  shelter  one  another. 
)UDt  of  its  hardiness,  rapid  growth,  and  habit  of  as- 

a  good  shape,  there  is  nothing  to  equal  it  for  gen- 
inting  under  adverse  conditions,  or  for  a  flret  shel- 
protect  more  tender  species.  It  is  especially  use- 
Evind-breaks.  for  planting  along  our  streets,  and  single 
■na  standing  near  the  border  of  a  yard  are  beantiful, 
ipecimens  planted  upon  the  Experiment  Farm  at 
e  have  succeeded  well,  making  several  times  as  much 

as  the  broad  leaved  cottonwood. 

an  altitude  of  over  7,(M)(I  feet  trees  one  inch  in  diiiin- 


Wi/oiiiing  IHxperhneitt   Station. 


etcr  will  become  five  to  seven  incites  in  diameter 
years.  Every  ranchman  in  tlie  state  who  can  irrigat 
shuuld  plant  shelter  belts  and  wind-breaks  of  this 
ani\  shonld  have  them  in  his  yard  for  Hliade.  Cottoi 
are  greedy  feeders  and  other  trees  or  plants  do  not  i 
wlieii  planted  too  close  to  them,  but  their  good  in 
will  repay  the  amount  of  room  required.  This  tre« 
tnio  of  all  onr  native  poplars,  produces  good  fu 
is  of  little  or  no  value  for  lumber. 

BROAD  LEAF  COTTON  WOOD  OR  t;AROMN  A  PO 
[I'opiiiua  {leltoides  Marsh,  or  P.  moaolifcra  Aitoi 
This  tree  is  common  at  Wheatland  and  in  the 
western  portion  of  the  state.  .\  round  the  first  » 
laliCH  or  reservoirs  at  Wheatland  thickets  of  these  trei 
up  from  seeds  which  made  their  way  down  the  ditch 
the  irrigation  water.  It  is  much  used  as  a  shade  tree, 
are  some  excellent  specimens  in  Laramie,  tfeedlings  si 
the  Experiment  Farm  in  1833  subject  to  the  exposuri 
o]'eii  plains  have  lived,  though  the  growth  has  bet 
(jiuativoly  slow.  They  have  attained  a  height  of  v 
ten  feet  and  a  diameter  of  two  or  three  inches.  Tin 
undoubtedly  been  dwarfed  somewhat  by  injuiy  froi 
lice  which  were  found  in  great  numbers  on  the  le 
18!Ht  and  Ib'M.  Prevailing  southwest  winds  have 
them  to  lean  in  the  opposite  dii-ection.  A  few  speeiu 
shown  in  the  illustration  of  this  variety,  at  Laramie, 
on  the  plat  were  removed  to  make  room  for  the  al 
slack  shown  in  the  cut. 

.\t  \\htatland  sn:all  trees  set  out  upon  the  Exp 
Farm  in  1S92  hecan:e  fcur  inches  in  diameter  and 
to  fifteen  feet  high  in  IhiTc  years.  Tllis  speoies  is  n< 
siri'.ble  for  general  planting  esjxcially  at  high  nltit 
is  the  smoolli  bark  or  Rydberg's  Cottonwood. 
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XARROW  LEAF  COTTONWOOD  OR  BLACK  COTTON- 
WOOD, 

(Popuhis  angustifolia  James.) 

This  is  one  of  the  most  common  native  species,  often 
growing  to  great  size.  It  is  hardy  but  at  high  altitudes  is 
apt  to  become  scrubby  and  unsightly  where  not  well  cared 
for  and  systematically  pruned.  Many  of  these  trees  have 
been  planted  in  towns  and  some  are  making  a  good  appear- 
ance. Some  of  the  finest  trees  in  Laramie  are  of  this  species. 
It  does  not  grow  so  rapidly  as  the  smooth  bark,  but  when 
large  its  great  spreading  tops  make  it  as  effective  a  tree. 
Ordinarily  it  is  not  so  highly  prized  as  either  the  smooth 
bark  or  broad  leaf  given  above. 

BALM  OF  GILEAD.  {Populus  halsamifera  Linn.) 

Apparently  this  tree  is  not  abundant  in  the  state.  There 
is  considerable  variation  in  the  shape  and  size  of  the  leaves 
but  they  can  be  usually  distinguished  by  the  resinous  or 
sticky  buds.  This  tree  is  long  lived  and  hardy,  succeeding 
well  almost  everywhere,  although  the  broader  leaved 
varieties  have  been  more  or  less  tender  in  Laramie.  Pro- 
fessor Bailey  states  that  their  tops  are  hardly  broad  enough 
for  the  best  shade  but  are  good  to  plant  among  other  trees. 
The  sticky  buds  and  leaves  collect  too  much  dust  and  dirt 
to  make  them  desirable  in  cities  where  there  is  much  smoke. 
Our  illustration  made  from  a  protograph  of  one  of  these 
trees  in  Laramie  shows  a  broader  head  than  is  generally 
formed  by  this  species.  Balm  of  Qileads  are  reported  as  not 
doing  well  upon  the  Lander  Farm  as  they  require  so  much 
water  that  other  things  are  injured  by  it. 

QUAKING  ASP  OR  ASPEN.    {Populus  tremuloides  Michx.) 

Many  of  these  trees  have  been  transplanted  but  I  have 
yet  to  see  one  in  cultivation  which  I  consider  a  fine  speci* 
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men.  Those  which  have  been  transplanted  do  not  seem  to 
grow  well,  probably  because  they  do  not  receive  sufficient 
moisture  through  the  winter.  They  are  pretty  trees,  throw- 
ing out  their  catkins  before  others  have  started  in  the  spring, 
bearing  through  the  summer  their  gay  foliage  which  is  never 
still,  and  at  the  first  heavy  frost  in  the  fall  turning  to  bright 
yellow  and  gold.  They  are  useful  for  planting  in  yards  with 
other  trees  as  single  or  scattered  specimens  and  are  more 
est*^emed  than  the  cottonwood  for  setting  out  in  young 
evergreen  plantations  to  shade  and  protect  the  trees. 

HORTICULTURAL  VARIETIES  OF  POPLARS. 

There  are  a  large  number  of  varieties  of  poplars  in  cul- 
tivation, other  than  those  which  are  native  to  this  state.  I 
onlv  know  of  one  of  these  which  has  been  introduced  here. 
This  is  the  Lombardy  Poplar,  specimens  of  which  have  been 
noticed  in  several  places.  It  is  a  short-lived  tree,  how- 
ever, and  probably  will  not  be  planted  to  any  extent.  Such 
striking  growths  are  too  often  abused  by  being  used  indis- 
criminately where  they  produce  unpleasant  effects  in  the 
landscape  We  have  little  regret  that  the  Lombardy  does  not 
succeed  well  here  as  is  it  of  so  little  value  for  shade,  orna- 
ment, wood  or  timber.  The  so-called  silver  poplars  which 
have  been  planted  here  are  silver  maples,  spoken  of  under 
maples,  rather  than  true  silver  poplars.  A  number  of  Rus- 
sian Poplars  have  been  introduced  which  would,  no  doubt, 
prove  of  value  for  planting  in  this  state  but  aa  yet  they  have 
not  been  tried*. 

WILLOWS.    (SaUx.) 

The  willow  is  fully  as  hardy  as  the  cottonwood  but  is 
not  as  useful  for  all  kinds  of  planting.  They  are  easily  propa- 
gated by  cuttings  but  they  require  a  large  amount  ajid  a 

•Anyone  interested  in  these  poplars  should  obtain  Bulletin  No.  0  of  the  Minnesota  Experi- 
ment Station,  St.  Anthony  Park,  Minn,  and  Bulletin  No.  68  of  the  Cornell  Station,  Ithaca.  N.  Y. 
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continual  supply  of  water.  Some  of  our  native  willows  grow 
to  a  large  size  but  they  do  not  produce  a  shapely  tree.  They 
are  easy  to  cultivate,  however,  and  may  be  used  to  advan- 
tage in  many  places.  Our  illustration  of  a  screen  of  native 
willows  represents  their  usefulness  for  this  purpose.  These 
willows  grew  from  cuttings  in  three  years.  In  this  case 
they  are  used  to  separate  the  garden  from  the  house  and 
front  lawn. 

A  so-called  Russian  willow*  has  been  grown  upon  the 
Exj>oriment  Farms  at  Laramie  and  Lander.  Upon  the  Lara- 
mie Farm  they  have  died  down  to  the  ground  nearly  every 
winter.  A  few  specimens  which  had  more  moisture  have 
attained  a  larger  growth,  but,  as  a  rule,  they  only  produce  a 
fringe  of  whips  along  the  ditches,  as  shown  in  the  illustra- 
tion of  cottonwoods  and  willows  upon  the  Laramie  Farm. 
Larger  trees  of  the  same  species  have  succeeded  well  upon 
the  University  Campus  and  Mr.  L.  Fee  has  experienced  little 
difficulty  in  raising  effectual  wind-breaks  of  them  upon  the 
river  bottom. 

If  kept  property  trimmed  they  form  a  shapely  tree  in  a 
short  time.  We  show  a  picture  of  one  of  these  trees  on  the 
grounds  of  Mr.  Ivinson  as  it  appears  three  years  after  trans- 
planting. At  Lander  they  produced  a  fairly  good  wind-break 
in  three  years,  having  reached  a  height  of  twelve  to  fifteen 
feet.  The  larger  ones  now  have  diameters  of  from  two  to 
four  inches. 

Osier  willows  brought  from  Nebraska  have  succeeded 
well  upon  the  Laramie  Plains.  Upon  the  ranch  of  Mr.  James 
King,  seventeen  miles  from  Laramie,  they  have  made  large 
grow^ths,  producing  an  effective  wind-break  for  his  garden. 
A  specimen  upon  the  Experiment  Farm  which  stands  near 
the  main  lateral  where  it  gets  plenty  of  moisture  has  grown 
well  and  shows  no  tendency  to  winter  kill. 

•Our  botanist.  Prof.  NeUon,  sent  specimens  to  Prof.    Bebb,   a  few  years  ago,  who  stated 
chat  this  was  the  white  willow  crossed  with  another  species. 
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MAPLES.     {Acer.) 

So  far  as  we  are  informed  the  hard  or  aagar  ma] 
not  been  tried  other  than  a  few  seeds  planted  on  the  i 
Farms,  which  failed  to  grow.  Soft  maples  will  snci 
sheltered  places  below  fire  thousand  feet  altitude, 
planted  at  Laramie  have  failed.  Three  species  are 
in  the  state,  the  small  bush  maple,  common  in  mouni 
vinesj  the  boxelder,  along  nearly  all  onr  streams  at 
titudes,  and  our  botanist  has  found  a  species,  thi 
maple,  on  Bear  River  near  Evanston.  The  following 
deserve  special  mention: 

Boxelder  {Acer  negundo  Linn.) — Boxelders  a 
tender  above  7,000  feet  altitude  except  in  the  moi 
tered  locations.  They  may  be  sparingly  used  in 
where  they  often  produce  handsome  trees.  Seeds  ] 
on  the  Experiment  Farms  have  not  succeeded  very  i 
cept  at  Lander,  where  seeds  planted  in  1895  have  pi 
trees  two  inches  in  diameter  and  twelve  feet  high, 
are  subject  to  attacks  of  the  boxelder  leaf  roller  whic 
be  kept  in  check  by  spraying  or  the  trees  become  a  n 
as  long  as  they  live  and  are  eventually  killed  by  tl 
sects.    (For  remedy  see  Insect  Pests.) 

Silver  Maple  (Acer  saccharinum  Linn.) — This  sp 
T)ften  planted  in  our  towns  under  the  false  name  o 
Poplar.  It  is  hardy  but  shows  a  tendency  to  die  bac 
winter  at  Laramie.  It  has  a  disagreeable  habit  of 
ing  from  the  roots,  and  if  neglected  soon  forms  an  ui 
bramble  of  underbrush.  Single  specimens,  well  car© 
the  back  yard,  may  be  tolerated,  but  they  are  too  | 
striking  for  good  effects  in  front  yards  or  along  th» 
Our  illustration  shows  some  fair  specimens  plante 
a  street  in  Laramie. 
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LOCUST.     {RoUnia.) 
Honey  Locust  planted  on  the  south  side  of  the  Univer- 
campus  lived  four  or  five  yeara,  but  did  not  increase  itt 

as  the  small  growth  made  each  snminer  died  back  to 
main  stem  the  following  winter.  At  Lander  a  good 
d  of  both  Honey  and  Black  Locust  was  secured  from 
,  but  reports  from  there  state  that  they  are  killed  back 

winter.  In  a  yard  in  Laramie  there  are  good  specimens 
tack  and  Yellow  Locusts,  but  they  have  not  been  grown 

enough  to  determine  whether  they  can  be  made  to  live 
ugh  the  winter  or  not.  Fine  specimens  of  these  trees 
'  been  observed  in  Cheyenne.  They  will  undoubtedly 
eed  in  Wheatland  and  at  other  places  along  the  eaatera 
er  of  the  state. 

CATALPA. 
This  species  has  not  succeeded  upon  the  Experiment 
18.   It  can  probably  be  made  to  grow  in  sheltered  places 
w  altitudes. 

MULBERRY.  (Moras.) 
rhe  Russian  Mulberry  tried  upon  the  Experiment  Farms 
been  killed  during  the  winters.  We  have  seen  fine 
ty  trees  full  of  ripe  fruit  at  nearly  seven  thousand  feet 
ide  upon  the  ranch  of  Mr.  Reach  located  in  a  protected 
y  in  the  mountains  about  twenty-five  miles  south  of 
Yyoraing  line.  With  pn>per  protection  they  will  un- 
tedly  succeed  in  parts  of  the  state. 

GREEN  ASH.  (Frawimis  lanceolata  Brokh.) 
rhe  Green  Ash  is  found  native  along  streams  in  the 
em  part  of  the  state,  having  been  observed  as  far  south 
e  Canon  of  the  North  Platte  above  Orin  Junction.  It 
indoubtedly  succeed  where  properly  cultivated  in  that 
n. 
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WHITE  A8H.  (Fraxinus  americana  Linn.i 
The  inveBtigationa  by  the  station  show  that  the 
Ash  needs  a  looger  season  than  we  have  at  altitudes 
six  thousand  feet.  The  illttetration  of  White  A»h  anij 
grown  from  seedlings  at  Laramie  show  tlie  small  fi 
made  in  unsheltered  places.  Larger  trees  set  ont  up 
Experiment  Farm  and  the  University  Campus  lived  tt 
the  first  winter  but  made  very  small  growth.  In  Che 
at  six  thousand  feet  altitude,  there  are  some  thrifty 
shaped  ash  trees.  In  the  railroad  park  near  the  depc 
made  a  growth  this  season  of  from  one  to  three  feet,  i 
many  White  Ash  were  set  out  around  the  Capitol  gr 
The  State  Engineer  tells  me  he  has  concluded  that  the 
is  too  short  for  them. 

At  Lander,  Sundance  and  Wheatland  they  hai 
ceeded  well.  At  Lander  they  made  a  growth  of 
feet  in  the  season  of  1895,  but  the  heavy  freeze  on 
22nd  of  that  year  cut  them  back.  Since  that  timi 
made  new  growth  and  Mrs.  Meyer  reports  now  th 
two  inches  in  diameter  and  nine  feet  high.  V 
report  on  the  White  Ash  from  Wheatland  since  1 
that  time  trees  which  were  set  out  when  one  year 
had  made  a  growth  of  six  to  ten  feet  high  and  abi 
-one-half  inches  in  diameter.  Our  illustration  of 
trees  at  Wheatland  shows  a  growth  of  four  feet 
in  1805. 

WHITE  ELM.  (Clmus  americana  Lini 
The  larger  trees  of  White  Elms  planted  at  Li 
the  first  season.  Seedlings  set  out  in  1802  have  lii 
have  made  such  small  growth  (see  illustration)  that  t 
diflficult  to  see  in  the  plat.  They  seem  hardy  at  Win 
where  in  three  years  they  reached  a  diameter  of  two  i 
half  inches  and  attained  heights  of  ten  to  twelve  fe 
Lander  they  have  died  back  each  winter.     Ii 
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;8  of  the  state  they  will  require  good  shelter  in  order  to 
;eed. 

UTTEBSUTS  AND  BLACK  WALNUTS.  (Juglans.) 
At  Wheatland  and  at  T^ander  Butterauts  and  Black 
Iniita  have  lived  but  have  only  made  small  scrubby 
vths.  In  1S&&.  at  the  former  place,  they  made  a  season's 
xth  of  two  feet.  Black  Walnuts  are  more  hardy  than 
ternuts  at  Wheatland.  Trees  set  out  at  Lander  in  1892 
DOW  about  two  inches  in  diameter  at  the  ^ound  and  four 
high.  They  require  a  low  altitude  and  the  best  of  shel- 
!rom  the  wind  and  sun. 

MOUNTAIN  ASH.  {Pyrua  americana  Marsh.  ) 
This  is  a  very  ornamental  little  tree  where  it  can  be 
le  to  thrive.  It  is  native  to  the  state  in  ravines  in  the 
ntains  above  8.000  feet.  A  dozen  were  set  out  at  Lara- 
but  we  failed  to  make  any  of  them  live.  They  reqaire  a 
tered  locality  and  plenty  of  snow  or  other  moisture  dur- 
the  winter.    In  Clieyenne  there  are  a  few  beautiful 


BIBCH.     (Retula.) 
There  is  a  native  B{)ecies  in  the  Black  Hills  of  Crook 
nty.     We  have  not  attempted  to  grow  them  upon  the 
ei'iment  Farm  but  believe  them  worthy  of  careful  trial 
>rnaniental  planting. 

FHUIT  TBEES  FOB  OBNAMENT. 
Those  fruit  trees  which  succeed  with  us  are  of  little 
e  for  shade.  However,  they  can  often  be  used  to  ad- 
ape  associated  with  other  trees  in  ornamental  planting 
their  usefulness  makes  them  doubly  desirable.  Some 
le  apples,  as  the  Wealthy  and  the  Siberian  Crabs,  are 
ist  as  hardy  as  cottonwoods  and  willows.    They  may  be 
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planted  with  coosiderable  freedom  in  the  rear  and 
Bides  of  city  lots  and  single  apecimena  well  placed  an 
attractive.  The  same  may  be  said  of  hardy  cherrii 
plums.  Mr.  O.  D.  Shields  of  Loveland,  Colo.,  has  b 
out  a  new  creation  in  the  form  of  a  weeping  cherry 
appears  to  be  very  hardy.  It  consists  of  the  Rockey 
tain  Dwarf  Cherry  {Prunus  Besseyi)  budded  upon 
stocks.  It  makes  a  rapid  growth,  is  weeping  in  hah 
the  long  silvery  leaves  give  it  a  thrifty,  handsome  i 
ance.  It  is  a  promising  small  tree  to  be  used  as  singli 
mens  in  recesses  between  other  trees  or  near  gro 
Bhrubs  used  to  break  the  lines  of  buildings  or  fences. 

EVERGREENS. 

Up  to  the  present  season  we  have  only  attemj 
grow  evergreens  upon  the  University  Campus  at  Li 
Last  spring  the  Division  of  Forestry  of  the  United 
Department  of  Agriculture  sent  us  about  25,000  s 
trees  of  Scotch,  Austrian  and  Bull  Pines.  They  wej 
fully  planted  upon  the  Experiment  Farm  according  t 
furnished  by  the  Department  and  have  been  irrigate 
during  the  summer  to  keep  them  from  drying  out. 
two  thousand  of  them  were  protected  by  setting  b 
on  the  south  and  west  sides.  At  the  present  writini 
twenty-five  per  cent,  of  those  set  out  are  alive.  Thf 
shingles  has  apparently  made  no  diffemce  in  the  dea 
We  have  tried  to  grow  evergreens  upon  the  Un 
Campus  for  six  or  seven  years  but  with  poor  sncce 
stead  of  scattering  specimens  we  are  now  planting  in 
with  the  hope  that  by  supporting  and  protecting 
other  and  catching  the  winter  enow  they  will  liv 
transplanted  at  different  times  of  the  year  but  the 
ments  have  not  been  under  way  long  enough  to  enal 
report  results.  We  have  planted  only  native  trees  t 
in  our  mountains  or  those  raised  in  a  nursery.    In  pi 
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lots  in  town  many  have  succeeded  better  than  we.    The  fol- 
lowing varieties  merit  special  mention : 

Silver  or  Bine  Spruc^  (Picea  pnngeng  Englm.) — This  is  a 
rapid  growing  tree  and  the  most  beautiful  of  our  evergreens. 
It  IB  a  native,  growing  along  streams  or  in  wet  swampy 
places  in  the  mountains.    On  account  of  its  natural  habitat 
it  is  the  only  evergreen  which  grows  well  upon  our  lawns 
where  so  much  water  is  used.     When  small  it  closelv  re- 
sembles  the  Engelmann  Spruce  but  the  latter  grows  on  high 
ground.    Nurserymen  claim  to  have  little  difficulty  in  grow- 
ing Silver  Spruce  but  our  experience  indicates  that  they  can 
hardly  be  made  to  succeed  where  no  protection  from  winds 
and  sun  is  given.    Out  of  dozens  of  them  set  out  without 
protection  we  have  succeeded  in  establishing  a  single  tree 
so  we  know  it  is  growing.    A  number  recently  set  out  seem 
to  be  growing  well.    There  are  many  fine  specimens  in  the 
yards  and  parks  in  Cheyenne  and  Laramie.    Mr.  Thessen, 
who  was  caring  for  the  railroad  park  in  Cheyenne  this  sum- 
mer, states  that  he  has  not  lost  a  single  tree.    The  grass  is 
not  allowed  to  grow  around  the  bottom  of  the  tree  trunks 
and  when  watering  the  lawn  the  tops  of  the  spruce  trees  are 
sprayed  every  day.    As  our  frontispiece  we  show  an  illustra- 
toin  of  a  very  good  specimen  in  the  yard  of  Mr.  Edward 
Jvinson  in  Laramie.    This  tree  w^as  transplanted  to  its  pres- 
ent position  about  ten  years  ago  when  it  was  quite  small. 

Douglas  Spruce  (Psmidotsuga  taxifoUa  (Poir)  Britton.) — 
This  is  a  common  tree  in  our  mountains  which  is  sometimes 
tran»j>Ianted  with  the  thought  that  it  is  the  Silver  Spruce. 
They  are  easily  told  apart,  however.  It  stands  transplanting 
fairlv  well  if  carefullv  done  but  will  not  thrive  where  there 
is  as  much  water  as  is  required  by  the  Silver  Spruce.  There 
are  some  fairly  good  specimens  in  yards  in  Laramie.  Our 
picture  shows  a  small  grove  of  Douglas  Spruce  which  has 
been  Bet  out  on  the  University  Campus  the  past  two  sea- 
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soim.  TliiH  picture  ppprPHent«  the  mnnner  in  whidi  wi' 
the  trw8  ap«*  nioiv  a)>t  to  ffmv  by  (jrotwling  one  iii 
flml  cati-liitiK  tlie  wintfT  miows  and  illutttrates  tlie  (■■ 
iiH-lliod  of  prudui'infc  iii'tixtic  lnndHcai>e  effecti*. 

CedarH  iJuniiwni't.) — rt^ai-«  do  not  stf^m  to  liave 
kiiKlly  to  traoHpIanTiiiK  in  Lannni<>.  Tlieiv  are  koiu 
Hpecinietis  in  yni-d»  in  ( ■lu'veiiiio.  SiiikI*?  specimens  ai 
oiiianiental.  especially  if  projierly  barked  by  other 
so  th<'y  form  ti  part  of  tlie  wliole  etle<t.  The  ciiltivati- 
ely  shonid  be  obtained  fi-oin  some  i-eliable  iiui-Heryniai 

ARTIFICIAL  KOOT  rKESSIKE. 
The  ai'tiflrial  ajiplieation  of  i-oot  pressure  in  hortii 
is  new.  It  lias  been  inli-odiiced  by  I'rofesnor  K.  S.  ) 
the  Wisfoiisin  Slalioii.  He  tjives  a  detaih-d  account 
]iei'inieiils  cairii'd  on  alon^  this  line  in  the  Pourt<i>n 
iinal  Iteport  of  that  Station.  I'mfessor  (JolT  altiibn 
failure  to  start  jjrowtli  promptly  after  trees  have 
ti-iiiis|)lanTed  to  the  lack  of  saji  pn-ssni-e  in  the  eclls. 
iioi'inal  i-onditions  this  pressure  is  sn]ipli«-d  by  the  ai- 
roiit  hairs.  These,  (»f  course,  are  destroye<i  in  the  | 
of  transplantint;.  New  root  hairs  must  be  prodiicd 
the  jdant  can  reestablish  this  sap  pressure.  Dnrin}:  ll 
that  Ihe  tree  is  taking  aji  so  little  moisture  from  the  s 
eonlinually  losing  a  lart:e  amount  by  evaporation 
iiatnraliy  loweiv  its  vitality  and  ability  to  nmke  quid 
jjrowtli.  It  seems  jdansible.  therefoi-e.  that  artifieiall 
int!  up  the  pressni-e  in  the  tiee,  sujiplyin);  water  to  li 
place  of  thai  losi  by  eva|Hiration  and  eontinninf;  the  i 
<-onditions  so  it  can  perforin  vegetative  functions  w» 
Time  the  life  of  the  tree  and  accelerate  its  growlh.  I'l 
<ioH'  has  demonstrati'd  the  value  of  his  method  witl 
piaiite<l  apple  tret's.  We  have  tried  the  method  \\\» 
trees  at  I.aramie  and.  wliile  our  experiments  wt* iv  i 
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live,  it  spfiiied  very  beneflcial.  Our  obje<:t  jd  prenentiifg 
iiiatt(*i'  ill  ttiis  bulletin  \»  to  interoHt  tliooe  whu  ait;  plant- 

ti-etH  of  any  kind,  with  the  hoin;  that  the,v  will  co- 
rate  with  thi»  Ktation  in  oi'der  to  make  the  experiments 
iiientiy  extensive  to  determine  what  value  attaelies  to  it. 

The  method  in  so  simple,  inexjH-nHive  and  easily  applied 
t  anyone  can  use  it  and  if  it  proves  effe«;tnal  in  prevent- 

the  death  of  even  a  nniall  percent  of  transplanted  trees 

ould  pay  for  itself  niiiny  times  over.  When  the  trees  ai-e 
Qled  a  ivceptacle  holdint;  distilled  or  rain  water  is  placed 
tJie  height  of,  or  a  little  above,  the  top  limbs  and  con- 
ted  to  one  of  the  roots  of  the  tree  by  a  tube  and  small 
■e  of  riiblM'r  hose.  Itottles  and  }i\nnn  tubing  or  a  metal 
li  at  the  top  of  a  piece  of  f^as  pipe  may  be  used.  It  is  not 
med  that  attacliiutr  this  apparatus  will  do  any  good  ex- 
t  durinp  the  time  new  root  haii-s  aiv  being  formed,  the 
ts  ai-e  establishing  themselves  and  the  new  leaves  are 
I'tiiig.  It  is  only  needed  a  few  weeks  at  the  most  and  the 
erials  used  can  be  utilised  for  other  ti-ees.  Anyone  who 
I  ro-oiK'rate  with  the  station  in  making  testa  upon  newly 
ited  trees  will  confer  a  favor  by  corresponding  with  the 
(•(-tor.  We  only  care  to  exiieriment  with  it  upon  spring 
Ited  trees,  but  sould  like  to  make  careful  tests  upon  any 
Is  of  ti-ees,  whether  deciduous  or  evergrci  n  a»d  in  differ- 
piirts  of  the  state. 


INSECT  ENEMIES. 

Only  a  few  insects  which  produce  any  alarming 
to  our  trees  have  heen  observed.  There  are  a  few,  ho 
which  demand  immediate  attention  and  energetic  aci 
order  to  prevent  the  destruction  of  onr  hardiest  vai 
It  is  not  our  purpose  here  to  write  a  scientific  treatie 
this  class  of  inseots,  hut  to  call  attention  to  the  dange 
certain  pesta  and  pive  as  briefly  as  possible  remed 
their  destruction. 

PLANT  LICE. 

These  are  the  most  injurious  insects  in  the  state, 
are  especially  destructive  to  cottonwoods  ami  hav 
very  injurious  to  willows  and  spruce  These  wonderfi 
insects  are  known  to  everyone  as  plant  lice  or  as  "gn 
brown  flies.  They  are  so  small  that  even  when  they  o 
great  numbers  they  are  easily  overlooked  and  thou^ 
fatally  damage  the  trees  the  work  is  done  so  unohtr 
and  slowly  that  they  are  too  often  ignored.  There  are 
many  genera  and  species  of  plant  lice  but  it  will 
necessary  to  describe  or  classify  them  here.  Two 
working  on  the  cottonwood  an*  named  in  Itulletin  > 
tliis  station.* 

"Tlie  two  species  of  lice  ju  this  locality  ou  the 
wood  are  Panphifiun  popvUmoniJia  ?  Riley,  and  Chaii 
rimhiali"  ?  The  former  is  leas  numerous  than  the 
The  flrst-namt^d  species  attacks  the  leaf  near  its  m&Tg 
the  continual  puncturing  and  irritation  to  the  h 
growth  is  retarded  at  this  point.    The  growth  on  th 

•■Ih-.sbulltllnwl.kh.i..  wr,l»nl.y  F,  J    Ni>«.nd".  rh-n  »(lh  ,ht  S<,ti™,  I 


Cultivated  Shade  and  Forest  Trees.  27 

Bide  of  the  leaf  is  ao  rapid  that  within  a  short  time  a 
:et-like  cavity  is  formed,  in  which  the  lice  live.  The  other 
ies  differs  in  ita  habit  from  its  relative.  Instead  of  form- 
a  gall  or  protective  covering  for  themselves,  they  con- 
nate upon  both  sides  of  the  leaf  near  the  midrib  and  by 
r  continaal  pnncturing  soon  cause  the  foliage  to  carl,  be- 
e  brown  and  finally  drop  from  the  tree."  Undoubtedly 
e  are  other  species  working  upon  the  cottonwoods  and 
0W8.  We  have  not  observed  that  early  dropping  of  the 
es  generaJly  follows  the  attacks  of  our  common  speciefl. 
ive  also  found  undoubted  evidence  of  work  upon  the 
8  by  one  or  more  other  species. 

Plant  lice  may  or  may  not  produce  galls  either  upon  the 
es  or  roots,  depending  upon  the  species.  Where  there 
attacks  upon  both  the  leaves  and  roots  more  serious  in- 

is  done  in  a  short  time.  They  are  so  destructive  to  the 
inwoods  in  Laramie  that  unless  some  change  in  natural 
litions,  as  unfavorable  seasons  or  the  increase  of  their 
lies,  destroys  them  or  unless  the  people  take  the  matter 
ind,  we  predict  that  in  ten  years'  time  there  will  be  very 
trees  left.    The  trees  gradually  become  weak,  but  they 

not  show  the  had  effects  until  time  of  throwing  out  the 
es  in  the  spring.  The  foliage  comes  out  late  and  the 
?8  have  a  small,  yellow,  sickly  appearance.  After  strng- 
;  along  after  this  manner  for  one  or  more  years,  the  en- 
:ree  dies.  Where  neglected  by  not  being  prunned  or  sap- 
I  with  sufficient  water  they  die  more  quickly.  Our  illus- 
on  shows  trees  on  a  street  in  Laramie  which  are  being 
■oyed  in  this  way  The  one  to  the  left  in  front  is  entirely 
The  one  back  of  it,  inside  the  fence,  and  the  three  to 
■ight  are  so  out  of  health  that  they  will  probably  not 

into  leaf  another  year,  while  the  large,  green  tree  at  the 

shows  little  effect  as  yet  and  may  live  several  years. 
trees  in  this  picture  are  typical  of  the  condition  of  a 
_<8) 
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great  many  cottonwoods  in  Laramie  and  every  tret- 1 
shold  do  something  at  once  to  pievent  further  destru 
These  insects  live  by  sucking  the  juices  of  the  plant 
which  they  feed.  They  ordinarily  collect  in  gi-eat  nu 
on  the  under  side  of  the  loaves  or  upon  the  roots 
ground,  t'pon  thoir  backs,  near  the  rear  end  of  the 
they  hear  a  pair  of  Biphnnclea  or  honey  tubes,  through 
is  secreted  a  swettt  litjiiid  known  as  honey  di-w.  This 
becomes  sticky  and  wheiH*  the  lice  are  niimei'ous  often  < 
tlie  leaf,  helping  along  the  deatru<tion  of  the  tree  by  ct 
it  to  death,  Sometimes  bo  much  honey  dew  is  excrete 
it  falls  like  rain,  and  walks  under  the  trees  are  ci 
with  it. 

Ants  are  the  friends  of  plant  lice,  attending  then: 
larly  to  feed  upon  the  honey  dew  and  caring  for  th 
their  eggs  tlirough  the  winter.  It  has  been  proven  t 
least  some  sjiecies  cannot  live  unless  they  are  taken  ( 
by  ants,  if  this  is  true  of  the  species  alTf^cting  our  ( 
woods,  and  it  seems  likely,  destroying  the  ants  is  i 
remedy.  Mr.  Tviuson  informs  me  that  they  have  des 
the  ants  wherever  they  have  been  found  on  his  groui 
pouring  boiling  water  into  their  nests,  and  that  hi; 
have  not  been  bothei-ed  by  lice.  So  far  as  I  have  ob: 
they  are  the  only  trees  in  town  which  do  not  show 
from  these  insects.  For  destroying  ants,  there  is  pr 
untiling  better  than  bisulphide  of  carbon.  Pour  two  o 
tablespoon fu Is  into  each  hole  and  press  the  soil  nrou 
over  it  with  the  foot.  This  will  usually  kill  everytl 
the  nest. 

There  are  several  kinds  of  plant  lice  which  live 
evergreens.  They  are  often  numerous  on  the  T 
Spruce,  and  one  sjiecies  iChrrmes  iihietis  Linn.i  pi 
small,  brown,  cone-shap<^  gulls  at  the  ends  of  the  li 
the  silver  spruce. 
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iEMl!:i>lKS.— Professor  Gillette  of  the  Colorado  Sta- 
recomnienda  collecting  and  destroying  the  galle  on  the 
'.e  during  the  last  half  of  June  or  early  in  tluly  and  to  ap- 
;eroseue  emulsion  during  the  latter  part  of  May,  He 
states  that  kerosene  emulsion  is  elTectual  in  liilling  the 
n  Douglas  Spruce. 

i\hen  there  are  lice  ou  the  roots  of  trePH  tlicy  may  be 
oyed  by  working  from  three  to  six  pounds  of  tobacco 
or  a  Rood  quantity  of  the  stems  into  the  soil  around  the 
of  the  tree  and  then  thoroughly  wetting  it.    The  water 

enough  nicotine  from  the  tobocco  down  around  the  . 

to  destroy  the  lice.  Fixtfewsor  Smith,  in  his  book  on. 
loniic  Ent<miology"  (P.  131),  says  salty  liquids  will  kill 
lice,  and  n-coraniends  the  use  of  potash  fertilizers 
id  the  trees.  Risulphide  of  carbon  injected  into  the 
id  is  sometimes  used  and  is  effectual  in  killing  the  in- 

but  it  is  more  expensive  than  tobacco  and,  using  too 
,  is  a|it  to  injure  the  tree.    It  is  necessary  to  destroy  in- 

wbioh  feed,  as  do  the  plant  lice,  by  applying  poisons 
I  kill  by  coming  in  contact  with  their  bodies.  All  that 
d  to  say  regarding  remedies  for  the  lice  on  the  parts 
•  ground  and  how  to  prepaie  and  apply  them  is  con- 
1  in  the  following  quotation  from  F.  J.  Niswander,  ip 
oing  Kulletin  Jv'o.  2:  "Vanona  remedies  have  been  sug- 
3  for  the  destruction  of  plant  lice,  but  none  seems  to  be 

etTective  than  an  emulsion  of  kerosene  oil  and  soap, 
emulsion  is  made  as  follows:  "lUssolve  in  two  quarts 
t  water  one-fourth  pound  of  bawl  soap  by  heating  to  the 
,g  point,  then  add  one  pint  of  kerosene  oil  and  stir  vig- 
ly  for  from  three  to  Ave  uiinutes.' — (Cook).  The  best 
n  do  the  stirring  is  to  pump  the  mixture  from  one  vessel 
mother  or  back  into  itself  with  the  force  pump.  This 
orm  a  thick,  creamy  mass  that  may  be  diluted  to  any 
'd  utrengtb.    To  the  mixture  just  formed  we  then  add 
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ten  pints  of  water.  This  is  the  usnal  strength,  althoui 
emulsion  will  kill  the  lice  if  twelve  pints  of  water  are ! 
It  is  better  to  add  the  larger  amount  of  water,  as  tl 
some  damage  done  the  foliage  when  only  ten  pints  are: 
The  emulsion  should  always  be  applied  with  a  force 
Another  excellent  remedy  for  plant  lice  is  Buhach  oi 
thrum.  This  is  the  .vellow  insect  powder  sold  in  the 
for  the  destruction  of  insects.  If  two  tablespoonfnls 
be  thoroughly  stirred  in  a  large  pail  full  of  wat< 
sprayed  upon  the  trees  excellent  results  will  follow  1 
plication.  Too  ranch  care  cannot  he  taken  to  make  j 
'  ough  application,  otherwise  it  will  do  no  good. 

"In  the  application  of  insecticides  there  is  nothii 
will  insure  success  like  thoroughness.  A  dashing  spn 
that  will  reach  every  leaf  upon  all  portions  of  the  iree, 
of  the  essentials  of  a  good  force  pump.  There  are 
pumps  upon  the  market  and  all  have  certain  featnn 
are  commendable." 

BOXELDER  LEAF  ROLLERS. 
(Cactecta  semiferana  Walk.) 

This  insect  proves  very  destructive,  at  times  pra« 
defoliating  the  hoxelders,  leaving  them  unsightly 
Buch  condition  that  they  are  slow  to  recover.  It  is  po] 
thought  to  be  the  same  as  the  leaf  roller  of  fruit  tre 
Bulletin  No.  47  of  the  Colorado  Station,  Professor  C. 
lette,  in  speaking  of  it,  says:  "This  insect  is  a  close  i 
of  the  Fruit  Tree  Leaf  Roller  and  it  is  quite  con 
thought  not  to  be  different  It  seems  to  confine  its  i 
exclusively  to  the  boxelder,  however,  in  this  state,  as 
never  yet  found  the  larvae  feeding  upon  anything  el 
habits  and  appearance  are  much  like  the  fruit  tree  sj 

REMEDIES. — As  the  lar\-ae  are  external  feede 
ing  the  whole  leaf,  they  may  be  destroyed  wjth  any 
stomach  poisons.    Spray  with  Paris  Green  mixed  witl 
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lie  rate  of  one  pound  of  Paris  Gi-een  to  15(1  to  200  gal- 
of  water,  keeping  it  well  stirred.  Apply  when  the  yoang 
ae  first  appear  upon  the  leaves  and  again  a  week  or  ten 
i  later. 

BOXELDER  BUG — {Leptocoris  trivittatm    Say.) 
This  insect  is  common  all  over  the  state.    It  is  a  flat  bug 
it  one  half  inch  long,  black,  with  red  margins  on  the  tho- 

and  win^  They  may  often  be  seen  walking  around 
F'ly  in  the  fall  or  winter  time,  or  collected  in  great  nuin- 
i  here  and  there.  The  young  bugs  feed  upon  the  box- 
r. 

REMEDIES.— Professor  Gillette  says  that  the  old  bug,i 
n  proof  against  most  applications  used  for  such  iu- 
s,  but  that  kerosene  emulsion  will  probably  kill  the 
Dg  bugs.  He  recommends  killing  them  with  bniling 
er  when  large  numbers  of  them  are  found  collected  in 
place. 

ATT.VrUS  MOTH— (Attacva  Columbia  Smith.) 
A  large,  green  caterpillar,  almost  the  size  of  a  cigar, 
n  full  grown,  covered  with  knobs,  with  yellow  and  bine 
kin(n>,  is  becoming  a  common  pest  upon  the  willows,  cur- 
a  and  gooseberries  at  Laramie.  They  are  enormous  eat- 
:e<]niringa  great  many  leaves  at  a  meal,  and  have  a  habit 
inly  resting  a  short  time  between  meals,  so  entire 
iches  may  be  defoliated  in  a  single  day.    The  larvae  spin 

cocoons  of  silk  and  produce  the  largest  moth  found  in 
state,  the  wings  expanding  three  and  one-half  to  four 
ea. 
REMEDY, — Where  numerous,  they  should  be  destroyed 

the  same  spray  of  Paris  Green  as  that  given  for  Hox- 
•  Leaf  Roller,* 

A  nninbei  of  cMBolOm  have  been  bund  filing  Ih*  willon.  Whenver  Ihey  leed  in 
mbm  u  to  b«  at  aU  iDJurioiu  Ifaey  ahould  be  dcitroyEd  wiih  [ht  Puji  Gncn  iptay 
flrciuilLy  kimanyinieci  whichfecdibyialinfa  put  or  all  of  tbe  leaf. 

-(9) 
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TENT  CATERPiLLAR— (Ciisioonmpa  fiagilisf) 
Spt'timens  of  tent  caterpillar  epf^a  have  been  st 
from  Natrona  and  Crook  Counties.  The  egRs  are  laid  i 
(Ilea  around  the  stem.  The  larvae  feed  ujiod  the  apph 
ninp  nnsishtly  tents  in  the  top  limhe,  and  befomc  v^ 
struotive  where  allowed  to  become  nnmeroua  and  co 
their  ravages  unmolested. 

REMEDIES.—Tlie  egg  masses  must  be  cut  off 
winter  and  burned.  If  nny  escape  obBervatioD,  the 
can  be  destroved  bv  c.:lting  off  and  biiminfi  the  tente 
spraying  with  Parin  Green.  Where  the  trees  are  b 
with  I'ariH  Oreen  for  the  codlin  moth  the  tent  caterp 
usiialtv  destroyed  as  well. 

COTTONWOOD  BORER— iPrionoj-tshis  rofeiniff  P 
Injury  from  this  insect  is  occasionally  met  with 
tonwoods  in  this  state.  They  are  apt  to  bore  into  t 
where  there  is  a  scnr.  The  castings  of  the  borers  are 
out  to  the  surface  and  the  sap  runs  out,  making  a  b 
place  on  the  tree,  which  helps  to  rot  the  wood.  The 
become  about  two  inches  lonp. 

REMEDIES.— As  given  by  Professor  G  Ilette.  th 
dies  are  to  destroy  the  larvae  by  using  a  wire  or  to  i 
his  coming  out  as  the  adult  moth  by  plugging  up  the 
tacking  a  screen  over  it.  It  is  diflicult  to  destroy  wo 
ers  because  they  are  so  inaccessible. 


SUMMARY. 

Fifty  million  acres  in  Wyoming  are  trcelese.  About 
million  acres  are  now  under  ditch  and  large  tree  plant- 
are  needed  on  every  farm. 

The  influence  of  trees  makes  it  possible  to  grow  fruits 
other  plants  which  would  not  otherwise  succeed, 
ter  belts  are  invaluable  protection  to  live  stork.  With- 
rees  onr  landscape  and  homes  are  monotonous  and  un- 
ictive. 

\9  a  people  we  should  give  more  thought  to  the  plant- 
care  and  pruning  of  our  trees. 

Our  best  trees  for  windbreaks,  shelter  belts  and  street 
ting  are  cottonwoods  and  willows.  Our  moat  rapid 
ing  Cottonwood  is  the  smooth  bark  or  Rydburg's.  Next 
Ine  are  the  broad  leaf,  black  or  narrow  leaf  cottotiwood 
Balm  of  Giiead. 

rhe  cause  of  the  winter  kilting  of  our  trees  is  believed 
their  drjing  out  during  the  fall,  winter  and  spring.  The 
dy  indicated  is  fall  and  winter  irrigation,  protection 
wind  and  sun,  catching  the  snow  and  any  method  to 
•nt  evaporation,  as  mulching  the  ground  and  wrapping 
•ees, 

rhe  following  list  gives  the  trees  which  have  been  tried 
&  state  for  ornamental  or  other  planting,  arranged  so 
i|  we  are  able  to  do  so,  in  the  order  of  their  hardiness, 
est  hardy  being  named  first:  <'ott<mwood,  Willow,  8il- 
Spruce.  Douglas  Spruce,  Roxelder,  Hardy  Apples. 
f  Cherry,  Silver  Maple,  Cedar,  White  Ash,  Green  Ash, 


34  Wyotning  Experiment  Station. 


L<)i-iit<it.  Elm,  Moivlln  CtiprrieH.  IMuiiih,  Moiiotain  Ax 
Miiiilf.  lilack  Wiilniit.  BiitteriiHt.  Birch,  Muibei-ry,  C 

Our  rottonwonds  and  boxeldera  have  bwn  more 
h,v  insects  than  other  trees. 

The  insects  doiiiK  jireateat  injnrj  to  trees  in  th 
are  plant  lice,  the  boxelder  leaf  roller  and  teut  am 
caterpillars. 

For  insects  which  feed  by  sncking  the  jnices  of 
as  plant  lice,  spray  with  kerosene  emulsion.  Those 
upon  the  roots  may  be  destroyed  with  tobacco  iidi 
phide  of  carbon.  For  those  which  feed  npon  the  lea 
a  spray  of  Paris  Green.  For  ants,  use  bisulphide  of  ea 
hot  water. 
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Alkali  Investigations. 


E.   E.   SI.OSSON. 


THE  OHABACTEB  OF  WTOMING  ALKALI. 

The  Experiment  Stations  are  supported  for  tlie  purpose 
«ieiitific  reseai'cli  in  the  probleniti  of  agriculture  and  they 

located  in  different  states  in  order  that  each  station  may 
dy,  at  close  range,  the  conditions  of  the  region  that  sur- 
indsit.  From  its  location  tlie  chief  problem  of  the  Wyo- 
ig  Station  has  been  fjiveu  to  it  by  nature,  the  study  of  ari- 
;,  and  as  fast  as  possible  the  work  of  the  station  has  been 
tentrated  on  this  subject." 

The  chief  difficulties  iu  the  way  of  agriculture  in  the 
I  region  are  two,  the  insufficient  supply  of  water  and  the 
umnlation  of  soluble  salts,  known  as  alknJi.  The  second 
he  these  is  a  consequence  of  the  fii-st.  Wliere  watering 
one  by  rain,  pure  water  is  added  to  the  soil  and  drained 
inderneath,  carrying  with  it  the  soluble  salts  of  the  soil, 
rrigation,  water  containing  salts  is  added  to  the  soil  and 
I!  water  evaporated  from  the  surface.  It  was  shown  in 
letin  No.  24  that  half  a  ton  of  alkali  was  added  to  each 
'  of  the  Hheridan  Farm  every  year  by  irrigation  and  the 
I  became  completely  uselet^s  until  it  was  drained. 

Samples  of  alkali  from  all  parts  of  the  State  have  been 
!yzed  and  the  complete  analysis  will  be  published  iu  the 
:  annual  report.     It  will  be  sufficient  to  give  here  the 
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scnpral  result.  Almost  all  the  alkali  of  the  State  co 
of  three  Baits  in  varyiog  proportions,  sitdium  buI 
(Glauber's  salt),  maKi'^ium  sulphate  (Epsom  salt)  ai 
diuDi  chloride  (common  salt).  The  "black  alkali,"  s> 
carbonate,  is  fortunately  very  rare  as  it  is  much  mo 
jnriouB  than  the  other  salts.  Analysis  of  the  soils  < 
State  shows  that  the  percent  of  soluble  salts  or  alkaU 
nally  small,  often  extremely  so,  aud  it  is  only  its  accu 
tion  at  the  surface  that  causes  damage.  On  the  other 
the  small  amount  of  water  in  the  soil  makes  the  alkali 
injurious  than  if  more  diluted,  for  it  must  be  remem 
that  it  is  not  the  total  quantity  of  alkali  in  the  soil  b 
strenp;th  of  the  alkali  Bolution  that  is  of  importance 
example,  if  the  soil  contains  lO^e  of  water  about  3^  o 
iiion  salt  1b  required  to  form  a  saturated  solution, 
there  is  only  5%  of  water  half  that  amount  of  salt  nn 
ducv  the  same  effect  and  any  larger  amount  is  no  wors 
uuirrigated  land  the  water  content  is  mostly  between 
limits.    (Bulletin  No.  .iH.) 

In  many  parts  of  the  state  the  alkali  salts  are  not 
together  and  distributed  through  the  soil,  hut  are  co! 
in  large  beds  of  single  salts  often  very  pure.  Near  Li 
there  are  beds  of  sodium  sulphate,  near  Rock  Creek  o 
nesium  sulphate  and  near  Green  River  of  sodium  car! 
(sal  soda)  of  many  acres  in  extent  and  several  feet  in 
ness.  Many  theories  have  been  advanced  as  to  the  or 
these  "alkaJi  lakes."  mostly  based  on  the  assumptio 
they  must  have  been  made  from  the  decompositioD  ol 
containing  the  same  salts.  Since  there  are  no  rocks 
vicinity  whose  products  of  decomposition  at  all  rei 
the  alkali,  the  advocates  of  this  theory  have  been  < 
to  construct  hypothetical  rocks  for  the  purpose.  li 
ever,  we  remember  that  the  salts  deposited  from  si 
depend  on  the  proportions,  temperature  and  concent 
and  need  not  be  at  all  the  same  as  the  salts  dissolv 


Alktili  Hhidies,  II.  37 

account  for  the  alkali  beds  without  taking  into  coasid- 
ion  the  origin  of  the  salta.  It  is  enough  for  ub  to  know 
all  the  sprinp;  and  river  waters  of  the  state  contain  the 
'ssary  elements  and  the  problem  is  merely  to  separate 
n  into  the  forms  that  are  actually  fonnd. 

The  salts  in  the  alkali  lakes  ran  not  t>e  i-egardcd  as  of 
certain  composition.  They  become  liquid,  that  iu  dis- 
e  in  their  water  of  crystallization  on  a  warm  day  or  are 
olved  by  the  addition  ot  rain  water  and  when  deposited 
ooling  or  evaporation  it  would  be  very  improbable  that 
dame  forms  should  reappear  in  the  original  proportion. 
D  too  the  addition  of  drainage  water  containing  nioi-e 
it  mast  change  the  equilibrium  and  cause  a  rearrange- 
t  to  form  new  salts.  This  may  account  in  part  for  the 
"ly  variant  analyses  that  have  been  published,  and  ob- 
ations  at  different  seasons  of  the  year  show  startling 
iges.  Sometimes  the  lake  is  fluid,  at  others  solid.  Some- 
■s  it  is  a  bed  of  large  clear  crystals  of  sodium  wilphate 
hydrate;  sometimes  the  white  anhydrous  B«»diiini  sul- 
e  covers  the  surface.  The  phenomena  can  be  watched 
prettily  by  dissolving  the  salts  in  a  beaker  of  water  in 
proportions  and  concentrations  as  to  be  in  unstable 
librinm.  If  the  temperature  of  the  room  varies  consid- 
ly  the  form,  size  and  composition  of  the  crystals  will 
1  be  very  different. 

The  salts  contained  in  natural  alkali  are  remarkable 
:he  number  of  their  phases.  We  hiiVe  in  the  natural 
rs  of  the  State  from  which  the  alkali  is  deposited,  the 
s  sodium,  calcium  and  magnesium,  and  the  acids  car- 
2,  sulphunc  and  liydrochloric.  There  are  also  sonie- 
4  present  the  bases  potassium,  aluminum,  iron  and 
im,  and  the  acids  nitric,  boric,  silicic,  phosphoric  and 
■ed  sulphuric  acids,  but  only  in  such  small  quantities 
they  do  not  play  any  importtiut  part  in  the  formation 
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of  tli<'  alkali  deposits.  Evaporatiou  of  a  solution  coi 
in;;  the  above  nix  factors  mi^lit  fonn  nine  nimplp  salti 
a  giviit  iiiiiiiher  of  double  salts  and  iiydmtes,  beside; 
t-htniii-al  mixtures  of  all  these  in  an.v  pmportion. 

II  would  be  impossible  to  prove  what  the  coud' 
weiv  under  which  beds  of  puir  sails  like  the  Wvoniii 
kali  lakes  wei-e  found,  because  the  loneentrations,  ]ii 
tioiis  and  tempera tui-es  at  the  diffei-ent  stages  of  form 
are  all  unknown  and  it  is  evident  that  t]uH)i-eti<'all 
name  result  eould  be  obtained  by  many  diffei-ent  rear 
t^ini-e  none  of  the  coniponnds  aT-e  absolutely  insolubl 
since  natuiv  has  nulimited  time  and  reagents,  we  nm 
gai-d  any  retiction  as  reversible,  however  com]»Ietely  i 
po  in  one  dii-ection  in  the  laboratory.  ]tut  it  is  not  ini 
ble  that  a  consideration  of  the  simpler  i-eactions  of 
factors  may  tlii-ow  some  light  on  the  probable  way  in 
pui-e  salt  deposits  have  been  formed.  Starting  with  i 
tion  sncb  as  onr  natural  waters  containing  the  bases 
uuT,  magnesium  and  sodinm  and  the  acids  carbonii 
pbnric,  and  bydroohloric,  the  most  insoluble  oonii>onn 
sible  wunid  be  first  prvcipitated.  This  is  calcium  carl 
or  a  mixlui-e  of  calcium  and  nmgnesium  carbonates  fo 
beds  of  limestone  or  dolomite.  Calcium  carbonate  is 
ever,  much  moi-e  soluble  in  tbe  presence  of  other  salt 
we  usually  think  and  magnesinm  carbonate  is  found  ii 
anumnts  in  water  of  tbe  state  containing  much  sodiu 
bonate.  The  calcium  sulphate  would  next  be  depoai 
the  form  of  }iypsum.  Ueds  of  gypsum  of  gresit  tin 
exist  in  many  parts  of  the  slate,  as  at  Ked  Ruttes. 
jilasier  of  i'aris  bas  lieen  made  for  nmny  years,  an 
abundant  in  iiiost  of  the  soils.  In  the  l.ai-amie  I'Inii 
Slim  was  found  at  intervals  in  boring  the  rniversil 
sian  well  to  tbe  depth  of  a  thousand  feet.  If,  as  is  ge 
assumed,  sodium  was  originally  extracted  from  thi 
in  ilie  foiiii  of  carbonale.  tbe  absence  of  Ibis  salt  in  i 
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tate  could  be  accounted  for  by  the  well  known  reaction 
een  sodium  carbonate  and  calcium  snlphate  to  form 
ni  sulphate  and  limestone.  This  has  been  used  in  prac- 
agriculture  on  the  advice  of  the  California  Station  to 
nate  the  more  injurious  black  alkali  or  carbonate.  In 
:  of  the  state  where  sodium  carbonate  is  found,  as  at 
a  River  and  Johnstown,  gypsum  is  of  course  absent,  or 
y  BO. 

:f  now  we  regai'd  both  the  calcium  and  the  carbonic 
att  completely  precipitated,  we  have  left  as  possible 
ounds  magnesium  chloride  and  sulphate  and  sodium 
ide  and  sulphate.  Of  these,  magnesium  chloride  is  by 
he  most  soluble  at  ordinary'  temperatures  and  would 
fore  t>e  the  last  salt  deposited  and  the  first  washed  out 
an  alkali  bed.  In  all  the  alkali  and  waters  analyzed  in 
ate  the  sulphates  are  in  large  excess  over  the  chlorides, 
may  regard  magnesium  chloride  as  practically  absent 
he  salts  formed  would  be  only  magnesium  sulphate, 
m  sulphate  and  sodium  chloride.  Analysis  shows  that 
It  all  of  the  alkali  of  the  state  consists  of  these  three 
in  varying  proportions.  There  are  beds  of  pure  mag- 
Di  Hulphate  and  sodium  sulphate,  but  so  far  as  I  am 
'  there  are  no  deposits  of  sodium  chloride.  Brines  ex- 
t  do  not  form  beds. 

hese  three  saHs  are  about  equal  in  solubility  at  ordi- 
temperatnres  and  on  complete  evaporation  would  be 
ited  together,  which  is  usually  the  case.  But  their 
ve  Bolubility  is  greatly  changed  by  a  variation  in 
■rature,  as  the  sodium  sulphate  is  umcli  more  soluble 
vm  than  in  cold  water,  while  with  sodium  chloride 
is  little  difference,  so  the  fall  in  temperature  in  a  sin- 
gbt,  which  is  often  great  in  the  arid  region  and  high 
les,  would  precipitate  a  thick  layer  of  crystallized  sul- 
which  would  not  dissolve  again  the  next  day.     In 
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many  of  the  strong  alkali  lakes  this  can  be  observed  d 
In  cold  weather  the  bottom  ie  covered  with  a  thi 
of  pure  sodium  sulphate,  above  which  is  a  saturated  s 
containing  much  chloride.  In  warm  weather  part 
bed  goes  into  solution  again.  In  winter  Great  Bill 
throws  up  on  the  shore  sodium  sulphate  crystaJs  in 
looking  like  snow  drifts.  The  magnesium  sulpbal 
might  have  been  formed  in  a  similar  way. 

It  is  possible  by  this  system  of  simple  reactioni 
plain  the  alkali  deposits,  although  it  is  evident  that  t 
be  theoretically  accounted  for  in  other  ways,  and  i' 
necessary  to  assume  that  similar  deposits  have  an  v 
origin.  All  that  is  intended  is  to  show  how  from  s 
solution  of  many  substances,  snch  as  ordinary  sp 
river  water,  the  salts  actually  found  could  be  fora 
not  the  many  others  theoretically  possible.  It  is  no 
sary  to  assume,  as  many  have  done,  that  the  origini 
corresponded  in  composition  to  the  salts  left  in  eva; 
of  their  leachings.  With  the  conditions  that  prevail  i 
ming,  an  annual  evaporation  about  five  times  as  grea 
rainfall,  a  porous  soil  and  scanty  vegetation,  snch 
cumulation  and  dilTerentiation  of  salts  is  qaickly 
piished.  One  can  start  with  a  good  soil  and  irrigate 
water  of  ordinary  composition  and  in  a  few  years  crj 
pure  sodium  sulphate  may  be  picked  off  the  surfaci 
experiment  has  unfortunately  been  repeated  on  ; 
many  acres.  ^ 

The  principal  source  of  the  alkali  is  not,  howe 
water  used  in  irrigation,  but  the  beds  of  soluble  sa 
are  deep  in  the  soil.  As  soon  as  water  is  pat  on  t 
these  salts  are  drawn  to  the  surface  by  evaporatio 
fact  that  the  soils  of  the  valleys  are  saturated  wit 
ought  to  be  taken  into  consideration  in  tbe  propose 
lishment  of  reservoirs.     If  these  are  of  wide  ext 
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cat  evaporation  of  tlicw  re^rioiit^  would  ooii centra te  the 
Iter  iuid  so  im-rciiw  the  jmt  cent  of  iilktili  it  containH.  To 
is  ttie  alkali  teaclied  fi-oiii  ttie  xui-ronndin;;  hoII  will  be 
ded  and  tlieiv  ia  danger  tlitit  wafet-  ho  hIohmI  would  become 
inrioiis  nitlier  than  beneficial  to  the  land  whicli  received  it. 


ABSOBFTION  OF  WATEE  FBOH  ALKALI  SOLUTIONS 
BT  SEEDS. 

Befoi-e  we  can  liojie  to  do  mncli  to  niitipite  tlie  injur!- 
s  effects  of  alkali  on  plantm  we  obviunidv  niu«t  know  what 
at  effect  ih.  How  does  the  alkali  limit  the  plant?  Al- 
ough  it  will  be  many  yearH  before  an.v  complete  answer 
n  be  given  to  that  c]neation,  .vet  the  atnd,v  of  the  aubjett  by 
f  Statiou  baa  cleai*ed  up  some  of  the  simpler  points.  For 
!•  8impliflcation  of  ttie  pi-obleui  it  was  divid<>d  into  two 
rts.  the  effect  of  alkiili  on  the  germination  of  the.  seed 
d  its  effect  on  the  growth  of  the  plant.  Only  the  first  part 
tlie  work  will  be  made  public  here. 

The  effwt  of  nlkali  on  the  germination  of  aeeda  depends 
three  thinga,  the  kind  of  aeed,  the  kind  of  alkali,  and  the 
Qcentration  of  the  alkali  solution.  Sometimes  the  seeds 
alkali  aoliition  ai-e  killed,  sometimes  they  germinate  but 
ry  slowly,  sometiuiea  they  germinate  more  quickly  as  coui- 
red  with  those  in  pure  water.  The  usual  result  ia  that 
'  seeds  aj-e  delayed  in  germination  for  a  long  time.  Now 
Wyoming  the  seaaon  is  too  short  anyway,  and  even  a  few 
ys'  delay  will  make  the  difference  between  a  ci-op  and  a 
lure. 

A  necessary  preliminary  to  germination  is  the  at>sori»- 
n  of  water,  and  it  seemed  likely  that  the  retarding  effect 
the  alkali  on  the  germination  was  due  to  its  hindering  the 
"d  from  abaorbiuR  the  water  it  needed.  Exj>eriments 
i>wed  t)mt  this  was  the  <-aae.  and  work  on  this  line  has 
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been  carried  on  in  the  chemical  laboratory  for  about 
years  now.  The  technical  rletaila  will  be  pablished  i 
annual  report  of  July  next,  but  a  table  showing  the  r 
of  one  of  the  experiments  is  here  given  to  show  how 
work  is  carried  on.  Wheat  was  the  seed  experimented 
in  this  case  and  an  eqnal  weight  of  it  was  pnt  into  sob 
of  the  common  alkalies  of  varioiiB  atrengtha,  pore  wate 
a  Bolation  of  sugar  introduced  for  comparison.  1' 
found  that  the  absorption  of  water  was  influenced  n 
the  kind  of  alkali  or  the  strength  of  the  solution  but ) 
by  the  osmotic  preasure.  Osmotic  pressure  is  not  gen 
understood  and  in  fact  is  a  comparatively  new  cono 
in  science,  but  it  is  easy  to  explain  what  it  means.  I 
case  it  simply  means  that  the  water  passes  throu^ 
Httle  coatings  in  the  seed  openings  more  easily  than  tl 
tides  of  salt,  and  consequently  a  seed  will  take  up 
more  rapidly  if  no  salt  is  present.  To  give  a  rough  ill 
tioB,  a  pump  supplying  city  water  works  will  get  more 
through  the  screen  of  the  intake  pipe  if  the  holes  < 
screen  are  not  partly  clogged  with  sand  and  drift 
In  this  exi>eriment,  the  solutions  of  sugar,  sodium  sni 
magnesium  sulphate,  and  sodium  chloride  were  so  nn 
to  have  the  same  osmotic  pressure,  and  it  will  be  sifi 
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table  that  the  wheat  absorbed  just  about  the  same 
lunt  of  water  from  each  of  these  in  the  same  len^h  of 
;,  Sodiam  carbonate  ("black  alkali")  acts  differently, 
when  it  is  strong  it  attacks  and  destroys  the  seeds  them- 
es. Some  seeds,  too,  give  quite  different  i-esnlta.  Beans 
)rb  the  saiueamount  of  water  when  put  into  a  stttunited 
tion  of  common  salt  as  they  do  when  put  into  pure  wa- 

The  dissolved  salt  apparently  passes  into  the  bean  as 
lily  as  the  water  and  destroys  its  power  of  germination. 

is  intermediate  between  wheat  and  beans  in  this  re- 
t. 

To  decide  the  question  whether  the  absorption  of  water 
hysical  or  physiological,  comparative  tests  were  made 
?een  living  seeds,  and  seeds  in  which  the  power  of  ger- 
ition  had  been  destroyed  by  age,  heat,  or  exposure  to 
laldehyde  vapor.  No  difference  between  the  living  and 
1  seeds  has  been  yet  observed,  so  it  appears  that  water 
awn  into  the  seed  purely  by  such  physical  forces  as  sur- 
tension  and  osmotic  pressure.  It  does  not  appear  that 
salts  mentioned,  except  sodium  carbonate,  exert  any 
mons  influence  on  the  wheat.  It  germinates  readily 
1  removed  from  the  alkali  solutions  and  put  under  fa- 
ble conditions. 

rhe  absorption  of  water  is  retarded  and  diminished  by 
>re8ence  of  salts  in  the  water,  but  not  prevented.  This 
e  to  the  fact  that  the  seed  allows  the  salt  to  pass  into  it 
gh  not  so  readily  as  the  water.  The  volume  of  the 
led  seed  and  the  amount  of  salt  they  contain  has  been 
■mined  and  it  appears  that  in  strong  solutions  enough 
is  absorbed  to  make  the  solution  inside  the  seed  nearly 
ame  strength  as  that  outside.  In  this  way  the  resist- 
to  absorption  of  water  due  to  osmotic  pressure  is  di- 
ihed.  The  same  means  of  obtaining  water  from  a  strong 
olution  is  probably  used  by  such  plants  as  the  salt  sage, 
ii  contains  a  large  amount  of  mineral  salts.    This  h^s 
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the  doiiblf  advantaKC  of  aidinR  tin-  plant  to  draw 
from  the  soil  and  to  keep  bett**r  what  water  it  has.  bt 
the  Halts  dinsolved  in  the  sap  lessen  the  evaporatioa 
The  experimental  work  here  outlined  is  being  n| 
to  plants  aB  well  as  seeds,  with  the  hope  of  flndin);  ou 
it  is  that  M-tain  jilants  thrive  in  soil  eoutaining  nnuh 
and  little  water,  while  othei-B,  aonietinies  of  the  same  | 
will  die  under  these  i'<mditions.  Kxiteriiiients  on  low 
itt  life  show  that  tliev  can  he  made  innnnne  to  ttie  de 
ouB  effeets  of  a  very  (jifat  osmotic  pivsaure  b,v  slow  rli 
and  selection,  and  this  s)it;i;estK  the  possibilit.v  tin 
same  can  be  done  for  hifjher  plants,  and  asefiil  vejjetal 
grown  to  cover  the  acres  now  given  over  to  gi-eaaewi 
samphire. 
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FIELD  EXPEBIHENT8. 

riie  ex|KTiiiient8  «r  linen  of  invt^finiition  uiidfr  way  in 
Held  were  outlintMl  in  Kulletin  No,  2»  of  tliis  Htation. 
le  it  can  not  be  naid  tliat  aiiv  of  tliiH  woi-k  lum  been  rcvni- 
■d,  Hunie  rcRUlts  linve  been  obtained  wbicU  aiv  of  inter- 
The  iii-odiutive  aiva  of  tbe  Station  Panii  is  continnally 
reui-roaclied  upon  by  tlieriseof  alliali  saltn  on  tlie  lower 
I  of  tlie  land.  At  tbe  same  time  the  )jreate»t  cai-e  bat* 
exerciBed  in  our  in-ipition.  It  can  not  l>e  laid  to  ovei-- 
»tion,  or  tbe  careless  liaiidling  of  the  water  used.  We 
■  of  no  way  to  ellectnally  jHwent  the  aicnniulation  of 
i  saltB  upon  low  lands  which  have  no  drainage  outlet. 
poKflible  to  irrifjiite  land  which  has  considerable  slope 
>nt  allowing;  any  ajipreciable  amount  of  waste  water  to 
ic,  but,  unless  tbe  land  is  level,  some  of  the  water  finds 
ny  tliroufrli  the  soil  or  subsoil  down  the  slope,  caiTvinfi 
ntity  of  the  soluble  fvilts  with  it.  If  then' is  good  drain- 
he  salts  are  washed  out  of  the  soil  into  streams  and 
'd  off.  Where  there  is  no  outlet  of  this  kind  a  reservoir 
nied  in  which  the  wilts  accumulate  just  as  water  eol- 
n  a  lake  tied.  As  more  of  the  salts  are  washed  from  the 
r  ground  tbe  accumulation  in<-reiis<'S  and  moi-e  land  is 
I  to  tbe  unprodui-tive  alkali  waste. 

\"here  the  pritcess  of  leaching  has  no)  bi-gun  the  ssilts 
ally  oeeur  distributed  through  the  soil   in  compara- 
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tively  small  quantities.  Small  amonnts  of  thefie  salt 
beneficial,  either  aotiDg  dire<^tlT  as  plant  food  or  indii 
aiding  in  the  prooetiH  of  plant  nutrition.  The  fact  the 
soluble  portion  of  our  soils  has  not  been  leached  on 
caiTiod  away  by  excessive  rainfall  at^counts  for  such 
being  almost  if  not  quite  a«  rich  and  lasting  as  the  soils: 
the  Nile,  which  receive  an  annual  supply  of  leachinp 
sediment  from  the  bend  waters  of  that  Btroiuu.  Ho« 
when  our  lands  ai-e  brought  nnder  irrigation  and  cuIHt 
there  seems  to  be  no  way  of  kei'ping  the  soluble  sails 
tei-ed  through  the  soil  as  tliey  were  originally.  ^\'hen  ' 
is  applied  they  move  downward.  By  the  percolation  of ' 
through  the  soil,  the  salts  are  earned  from  one  place  1 
other,  accumulating  where  the  water  accumulates,  l 
llie  water  evaporates  from  the  surface  the  salts  in  sol 
are  left  behind  and  more  water  coming  up  from  belon 
tinually  adds  its  freight  of  salts,  leaving  them  where 
can  do  the  most  damage  to  crops.  This  simple  prineii 
ihe  movements  of  alkali  salts  in  the  soil  along  with  the' 
furnishes  the  key  to  any  preventive  treatment  which 
be  along  one  of  the  following  lines: 

1.  Irrigation  with  water  fi*ee  from  salts. 

2.  Preventing  seepage. 

3.  Draining  the  water  from  below. 

4.  Cultivating  or  treating  the  surface  in  sucli  a  w 
to  prevent  evaporation,  which  brings  the  salt  to  the  su 

Over-irrigation  and  the  lack  of  most  intelligem 
thoughtful  management  brings  at>out  rapid  and  wide-s 
destruction  of  the  most  fetile  lands.  Good  natural  oi 
ficial  drainage  will  enable  the  farmer  who  projterly  i 
cultivates,  and  irrigates  his  land  to  prevent  any  dfl 
from  alkali,  providing  tlie  water  with  which  iie  irri 
does  not  bring  large  amounts  of  salts  to  his  soil."  But 
are  pla<'e8  without  good,  natural  drainage  where  art 
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nage  will  be  too  expensive  for  yeai-s  to  come  and  where 
ili  is  accumulating  more  or  less  rapidly.  As  yet  the 
ler  has  no  market  for  his  crop  of  salts  and  unless  he  can 
reat  the  land  that  it  will  bring  some  return  he  is  better 
vithout  the  useless  acres  upon  which  the  taxes  are  the 
e  OB  upon  the  rest  of  the  farm. 

All  this  discussion  leads  up  to  the  point  I  wish  to  make. 
lOugh  we  may  know  of  no  easy  or  cheap  method  of  re- 
ining such  lands  so  all  crops  will  thrive  uj)on  them  we 
make  them  productive  by  introducing  plants  which  will 
V  in  the  presence  of  large  amounts  of  alkali  salts.  Pro- 
or  Hilgard  has  accomplisiied  a  great  deal  in  introducing 
Ji  resisting  plants  to  cultivation  in  California,  Wc  have 
1  experimenting  with  such  plants  for  some  time  and  are 
able  to  report  upon  a  few  of  them. 

We  have  found  very  few  useful  plants  which  will  gi-ow 
re  the  soil  contains  so  much  alkali  that  an  incrustation 
rmed  on  the  surface.  Incrustation  of  our  ordinary  white 
li  OP  the  surface  is  usually  marked,  at  teasf  during  dry 
Hier,  where  there  is  as  much  as  one  and  one  half  or  two 
ent  of  salts  in  the  first  two  inches  of  soil.  Such  an 
unt  of  salts  will  prevent  the  growth  of  any  of  the  cereals 
'  alfalfa.  Barley  and  rye  seem  to  stand  more  alkali  than 
wheat  or  oats.  I  believe  barley,  rye,  or  alfalfa  will  grow 
le  presence  of  as  much  as  one  jiercent  of  our  ordinary 
f  alkali,  (sulphates  of  soda  and  magnesia),  in  two  inches 
irface  soil,  providing  the  water  level  is  not  nearer  the 
ice  than  two  or  three  feet,  t'sually  where  there  is  so 
1  alkali  as  this,  which  has  accumulated  from  irrigation 
e,  the  water  comes  near  the  surface,  leaving  the  soil 
•ated  most  of  the  time.  Where  this  occurs  Jess  than  one- 
of  one  percent  of  salt  along  with  the  water  is  fatal  to 
crops.  Upon  soils  containing  about  two  percent  of 
in  the  first  two  inches  we  have  tried,  without  success, 
wheat,  barley,  oats,  alfalfa,  and  Russian  sunflowers. 
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Itroiiif  ^niw  hihI  imI  tci]!  liiivt-  hwii  {Mi-titUly  fiiu-i-iiuit 
cxperiiiieiitrt  with  tht-ni  liaw  ntH  Ihh-ii  extciiBiv*-  eni 
reavli  flnHl  coiK-liiKiotiH. 

The  folidwiiiji  ulkjili-i-eoiHtinK  iihiiitH  iietti  Bjn-i-i 
tion, 

SALT  SA<iKS  OK  SALT  lU'SHKS  (8iM-ii<-»  of  Ai 
Just  now  iiiaii.v  ciitei-priHiun  m-fdnnn'u  ai-c  adv 
th**  "AiiBtraliaii  Stilt  Bli«h."  {Atiiplpj-  m-}nih»crntum\. 
farmers  tii  ihiitIiuhc  thf  new!  fin-  sowitij:  niMin  thei 
)atida.  It  lias  Ivw'u  vci-.v  »ii(<(t»Hful  in  CaliftHnia,  t 
{ii'DduucH  larRf  yicldf  "f  fnrajie.  However,  it  iw  i 
i-limate  iihiiit  and  dues  not  Biieei'ed  in  Wyoining.  V 
ffiven  it  caiTful  trialH  at  Laramie,  Lander,  and  Siierid 
I^raniie  it  onl.v  made  a  xniail  ^I'owth  tlie  tirnt  wasi 
Sheridan  il»  (["■*»«'*'>  «""•*  lln-ifty  the  Hi-st  Humnie 
SnjH'rinteiidenI  of  the  Slieridan  Farm,  Mr.  Lewis,  atai 
lie  had  difficulty  Hsviiij;  llic  )ihiiitH  from  destru<tion  1 
he  ealled  "the  conimon  hiH*l  lni;t,"  or  "the  lonfi  jii-jiy 
bug.""  Hy  a  lilM-nil  u«e  of  l'ari»  j(reeu,  rhe  inweetH  v 
Htroyed.  The  phintt)  made  a  spreadinc  yniwtli,  alnion 
iii}j  the  fi;round  hy  the  time  of  fi-osl.  None  of  the  i)lHn 
thnmgh  the  winter  at  any  of  the  plaeeH  thev  wen'  tri 
Then-  aiv  a  numher  of  Hiweies  of  atriplex,  clonel.v 
to  the  Aii8tralian  Salt  Bu«h,  found  native  in  the  Stat< 
f^row  in  alkali  lands.  Some  (»f  them  are  of  mueh  iuiii 
a»  fomj^  plantH.  The  moiv  |iroiiiiHinK  of  thepe  ai 
studied  by  our  Botanist,  who  is  eo-operating  with 
partmeut  in  atteniptinj;  to  introduce  them  into  riil 
and  detenuine  their  value  for  wider  diMlnbution.f 

•Thi>  IdkcI  i>  one  sT  Ihr  BlilKr  BMIIe 

tA  nluible  coBlribuiloo  u>  our  kw 
alkiHioiliorauKUtcil  conisuned  in  Bulki 
Onilnl  SutiM  Depu-lnieiit  of  Agricullim.  em 
agl  R<Hiun:ei.'-  -rilKn  by  Proftuw  Avfn 
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Plants  of  this  character,  which  take  up  large  amotmts  of 
■'.  alkali  ealte,  will  natiirall.v  aid  in  removing  the  salt  from 
^  soil  with  the  crop.  Stockmen  have  long  appreciated  this 
jperty  of  the  salt  sage,  regularly  making  use  of  it  as  food 
■  their  range  stock,  to  avoid  the  necessity  of  purchasing 
union  salt  for  them. 

ENGLISH  KAI'E. 

Dwarf  Essex  Rape  was  planted  upon  the  Experiment 
rm  two  seasons,  beiug  sown  iiiH>n  strong  alkali  soil  which 
uld  not  produce  grain  or  alfalfa.  In  1894  a  rather  thin 
ind  was  obtained.  The  soil  was  very  damp  all  summer, 
tout  the  first  week  in  August  the  rajie  began  to  make  a 
ik  growth.  When  cut  on  September  3  it  yielded  at  the 
e  of  a  little  over  fourteen  and  one-half  tons  of  green  fod- 
?  per  acre.  In  1896  rape  planted  on  strong  alkali  ground 
o  made  excellent  growth.  Rape  is  attracting  much  atten- 
D  as  a  soiling  crop  or  as  forage,  especially  for  sheep, 
[lile  it  is  an  annual  plant  it  may  prove  of  value  upon  alkali 
Is  in  the  state. 

BOKHARA  OR  WHITE  SWEET  CLOVER. 
(JtfcHIo*«s  alba.) 

At  Laramie  and  at  Sheridan  sweet  clover  has  made  large 
>wth  upon  strong  alkali  soils.  Unfortunately  it  seems  to 
of  little  or  no  value  unless  it  be  as  a  honey  plant  for  bees, 
lugh  I  have  been  told  it  is  cut  and  baled  for  cattle  food  in 
■ts  of  Utah.  Heretofore  I  have  warned  our  farmers  not 
plant  this  clover  on  account  of  its  spreading  to  places 
ere  not  wanted  and  becoming  a  troblesome  weed,  where 
(wed  to  ripen  its  seed,*  Recent  experiments  indicate  that 
□ay  be  of  some  value  for  alkali  land,  to  improve  the  soil 
ore  planting  other  crops.     In  1897  an  alkali  plat  was 

•Set  WyDoine  Subon  Bulkiin  No.  IS,  pa^  23»,  In  ihia  connTciiaii  pTofcisor  Kitgurd 
Id  mc  ilui  in  California,  whfn  »Ht  clovti  became  a  WHd  In  ohcai  litldi,  millen  le^sid 

K  wbeai  ciudr 
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planted  to  sweet  clover.  Tliis  neasoD,  1898,  at  the  time  i 
ill  blo»«om  it  liad  prodnted  18.4  tons  of  green  tops  per 
and  was  plowed  under  for  green  tnanai^.  The  aV' 
lieipht  of  the  plants  was  5.2  feet  and  computed  as  dr; 
llie  .vield  wan  over  four  and  one-half  tons  per  acre.  1 
diffleiilt  to  plow  under  so  large  a  crop.  Like  other  leg 
ouH  crops  this  clover  takes  nitrogen  from  the  air  by  met 
the  little  tuberx-les  on  the  roots.  The  roots  of  those  \ 
which  we  examined  were  literally  covered  with  these  1 
eles.  which  indieates  that  sweet  clover  may  prove  of  va 
a  nitrifying  agent.  Adding  nitrogen  to  the  soil  by  the 
<-onibined  with  plowing  under  the  rank  growth  of  tops 
prove  the  soil  tilth  and  add  hnmus,  it  is  believed  will 
the  land  much  more  productive. 

ST'GAR  BEETS. 

Sugar  beets  thrive  well  upon  soils  strongly  in 
nated  with  alkali  salts.  It  is  claimed  that  excess  of  chl 
in  the  soil  upon  which  beets  are  grown,  seriously  inte 
with  the  crystallization  of  the  sugar  in  the  process  of 
facture.  This  would  give  no  trouble  here  a»  only 
■amounts  of  chlorides  are  present  and  the  sulphates  < 
have  the  same  effect. 

As  yet  we  have  no  sugar  factories,  hot  the  beets  i 
valuable  as  stork  foocl."  Where  fattening  stock  or 
<-ows  ai-e  to  be  fed  during  the  winter,  it  will  pay  tc 
sugar  l)eets  to  mix  with  other  food.  The  beets  may  be 
upon  the  alkali  part  of  the  fann,  but  in  order  to  pi 
large  yields  the  land  should  be  fertilized  the  same  i 
■other  soil  upon  which  beets  are  to  be  grown. 

In  18!)7  and  1S!W  we  grew  sugar  beets  upon  soli 
1-ally  free  from  alkali,  and  upon  soil  containing  so  rai 
kali  that  ordinary  crops  would  not  grow.  The  co 
tion    of   the  alkali   as   shown    by   analysis   made  I 

•S«  Wyoming  Suiion  Bulletin  No.  30,  "  Slock  Feeding  u  Lander.- 
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teld  in  the  Hprinj^  of  1897  was  Kodiutn  and  Potassiuin 
•idea  14.;tft%,  Roduin  Sulphate  50.16%.  MagneBium  Sul- 
■  :;«.<I3%.  and  Calcium  Snlphatc  IS.41%.  (Bulletin  No. 
'22H\.  Tile  Biiil  was  not  fertilized  in  either  case  and  the 
was  much  larger  on  the  alkali  soil.  In  ItfflT  the  beets 
nnalyzed  by  the  r.  S.  Department  of  Agriculture,  show- 
large  percent  of  augnr  and  high  purity.  The  results  are 
I  in  the  following  table: 

Sufrar  Bee/s  at  Laramie. 


Y«r. 

KiodofLwI.    PcAcrt. 
Pound>. 

1 

S.™g"ilkali  ' 

ILIWt 

19.0 

fXt.2 

Stin>(>lk)il 

,1:^ 

' 

IT.S 

BSOLAHATION  OF  ALKALI  SOILS. 

rhe  old  Haying  that  "an  ounce  of  pre^vention  is  worth  a 
d  of  cure"  is  in  place  here.  While  it  may  be  impossible 
event  the  accumulation  and  rise  of  alkali  on  certain 
ons  of  the  farm,  hy  taking  the  matter  in  hand  early 
me  of  land  becoming  unproductive  may  often  be  almost 
initely  posponed.  The  low  ground  where  it  is  expected 
i  will  first  come  to  the  surface  should  be  kept  in  some 
a«  alfalfa,  which  will  shade  the  ground  the  greater 
of  the  time,  or  planted  to  such  crops  as  can  be  thor- 
ly  cultivated  to  loosen  the  surface  and  prevent  evapora- 


riie  only  experiments  we  have  made  in  reclaiming  have 
by  open  ditch  draining  at  Sheridan.  In  the  summer  of 
one  hundred  and  fifty  rods  of  open  ditch  were  dug  to 
about  ten  acres  of  th€  north-west  corner  of  the  farm, 
oil  of  the  farm  is  underlaid  with  hardpan  and  the  leach- 
tf  alkali  from  the  higher  land  followed  along  this  hard- 
o  the  lowest  part,  where  the  salts  came  to  the  surface. 
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A  part  of  the  time  the  water  level  was  as  high  as.  oi 
the  sui-faee  of  the  ground,  and  so  mnch  nlkali  collette 
that  even  weeds  which  ordinarily  thrive  in  the  pres 
such  nait8  would  not  grow.  In  18fl6,  one  hundi-ed  and 
rods  of  additional  ditch,  two  feet  deep,  wan  dug.  The 
iuff  extraetH  from  the  aiinnal  reports  of  Snperini 
Lewis  since  18ft5  indicate  with  what  succeBs  the  ditch' 
aided  in  reclaiming  the  land. 

Extract  from  Keport  of  1893:  "Our  one  hundi 
fifty  rods  of  ditch  made  during  the  Bunimer  will.  I 
prove  a  great  benefit  to  the  alkali  land.  The  water  d 
stand  on  thewurfaceaa  it  did." 

Report  of  1S90:  "Have  made  one  hundred  and 
rods  of  new  ditch,  connecting  with  ditch  made  durin 
which  is  doing  much  good  in  reclaiming  the  alkali  lai 

Report  of  181(7:  "I  consider  our  experiment  wit 
ditches  has  done  and  will  do  a  great  amount  of  goo 
claiming  the  land.  Land  that  has  been  a  white, 
alkali  bed  for  the  last  three  years  is  now  all  covered 
heavy  growth  of  weeds  and  grass,  thei-e  being  bi: 
alkali  which  is  apparent  to  the  passer-by." 


EFFECTS  OF  DIFFERENT  ALKALI  SALTS  01 
SEED  GEKUmATION. 

.\b  a  continuance  of  the  laboratory  work  on  s* 
mination  begun  in  1896  and  reported  in  Bulletin  No. 
\V.  H.  Fairfield  planned  and  carried  out  quite  an  es 
experiment  to  show  the  comparative  effects  of  the  d 
alkali  salts.  The  credit  for  this  experiment,  the  caret 
ner  in  which  it  was  carried  out  and  the  full  notes  and 
tions  of  the  results  belong  wholly  to  Mr.  Fairfield, 
part  of  whose  time  was  devoted  to  an  enthusiastic  s 
the  matter  in  hand.  The  experiment  was  finished  ii 
of  the  present  year  and  resulted  in  data  of  much  intei 
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le.  Id  order  to  substantiate  the  resultH  obtained,  a  part 
lie  experiment  was  repeated  in  November  to  check  the 
ilts  by  bringing  the  seeds  into  contact  with  the  alkali  so- 
JOB  in  a  different  way.  The  general  results  of  the  check 
BO  close  to  those  in  the  original  investigation  that  they 
to  the  same  conclusions. 

It  is  not  our  purpose  here  to  make  a  full  report  of  the 
iriment  or  a  technical  discttssion  of  the  results.  There 
some  points  of  interest  and  value  to  the  general  reader, 
ever,  which  we  wish  to  note  briefly.  It  is  expected  the 
re[>ort  of  the  work  with  diagrams  and  tables  will  he  pub- 
^  in  the  annual  report. 

Seeds  of  wheat  and  rye  were  germinated  in  pure  water 
in  solutions  of  carbonate  of  soda  (black  alkali),  chloride 
>da  (common  salt),  sulphate  of  soda  (glanher  salt),  snl- 
e  of  magnesia  (epsom  salt),  and  in  sugar  syrups  the 
igth  of  which  varied  in  the  same  percents  as  those  of  the 
I  used.  Each  of  the  salts  used  and  the  sugar  were  ap- 
I  to  the  seeds  in  strengths  of  one  tenth  of  one  percent, 
tenths  of  one  percent,  seven  tenths  of  one  percent,  one, 
three,  four,  five,  seven,  and  nine  percent  solutions.  The 
r  was  used  to  throw  light  upon  a  technical  point,  which 
been  suggested  by  l^rofessor  Slosson,  whether  the  re- 
ng  effect  was  due  to  the  osmotic  pressures  exerted  by 
iflferent  salt  solutions.  The  experiments  show  that  this 
>  esse  and  the  fact  throws  much  light  upon  the  manner 
hich  the  injury  to  seed  germination  or  plant  growth 
Itlace. 

n  these  experiments  it  has  been  a  most  notable  fact  that 
auioants  of  alkali  salts  are  beneficial  or  at  least  that 

accelerate  instead  of  retard  germination.  No  doubt 
amounts  present  in  the  soil  also  assist  in  the  life  of  the 

,  eitlier  stimulating  its  growth  or  acting  directly  as 

food. 
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T!u'  followint;  table  shows  Ihe  Hinoiint  of  salt 
iiiiiy  be  preBfnt  without  petai-dinji  the  pennination  ii 
and  ryewvde.  It  ih  true  that  lufKei-ainoiintH  than  thi 
thev  retarded  the  gerniinutiun  the  fii-st  few  dav».  <a\ 
need  to  Reniiinate  even  faster  thau  they  did  in  wat' 
the  third  to  tlie  fifth  day,  but  in  each  <a«e  ilie  total 
of  Bpeds  wliieh  would  germinate  wan  less  than  wlien 
was  present. 


MiB^Hiin 

SulplBlf. 

Sodiuin  SulphiM, 

Sodium 

Chlo.idr. 

Sodni 

So,':*., 

If.  Soil. 
035 

1     K 

Id  Soil. 

Sinjl"^" 

I> 
Sohl. 

Ry  "'■; : 

Sli 

S,l      S:l 

The  salts  are  injurious  in  the  order  they  are  ; 
this  table.  The  black  alkali  (sodiuin  carbonate) 
more  injurious  than  the  other  salts,  becanae  it  has  t 
lug  effect  due  to  the  fact  that  it  is  not  a  neutral  salt 
acid  is  present  to  produ<e  a  share  of  the  daniafie. 
salts  composini;  our  common  wbtte  alkali  ma^iuefl 
phate  seems  to  be  the  least  injurious,  while  comt 
(sodium  chloride)  is  most  injurious.  Fortunately 
very  little  sodium  cloride  associated  with  the  sulp 
soda  and  magnesia  in  our  alkali.  It  should  be  explai 
the  percent  of  salt  in  solution  and  the  percent  in  the 
be  very  different  under  natural  conditions.  F<tr  i 
there  may  be  a  larpe  amount  of  dry  salt  pi-esent.  1 
is  in  solution  it  cannot  effect  the  plant  for  the  dry 
cannot  enter  the  seed  or  plant  and  must  renmin  im 
in  the  presence  of  water,  they  are  dissolved.  The  pi 
salt  in  the  soil  given  above  is  estimated  upon  the 
:!4.5%  of  moisture  being  present.  Thus,  if  th 
2.20%  of  salt  in  the  soil,  if  24.5%  of  moisture  wer( 
and  dissolved  all  of  this  salt  there  would  be  a  nim 
solution  of  salt  to  produce  its  effect  upon  the  ^eed 
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It  has  Im^u  foiiDd  that  fewer  aeedH  will  live  and  it  takes 
:er  for  them  to  freiiiiiDate  att  the  Btren^rth  of  the  solution 
pases  and  there  is  a  marked  differeute  between  the  dif- 
al  flaltH. 

Kighty-eittlit  percent  of  the  seeds  of  wheat  frei-minated 
ater.  In  three  percent  solutions  of  the  salts,  amounting 
early  three-foniths  of  one  pen-ent  of  salt  in  the  soil  the 
jwing  pei-eent  of  the  wheat  was  germinuted:  Mag- 
um  sulphate,  Hti%.  sodinm  »nlphate70%,  sodium  chloride 
,  sodium  caibonate  14%.  Xinetysix  percent  of  the  rye 
Qinated  in  water.  In  three  percent  solutions  of  the  salts 
following  percent  of  rie  germinated:  Magnesium  sui- 
te S2%,  sodium  sulphate  5fi%,  sodium  chloride  ;W%,  sodi- 
carbonate  •22%.  This  would  indicate  that  rye  will  stand 
nger  alkali  than  will  wheat,  which  corresponds  with  our 
Us  published  in  Bulletin  No.  29. 

In  addition  to  the  tests  upon  seed  germination  quite  an 
nsive  experiment  was  conducted  with  alkali  in  pots, 
luse  of  conditions  which  it  was  diflticolt  to  control,  we 
•  not  able  to  draw  conclusions  which  would  be  authentic 
rding  the  effect  of  these  salts  upon  the  plant  growth, 
the  effect  of  the  salt  solutions  upon  the  evaporation  of 
*r  from  soil  is  of  interest.  That  alkali  salts  have  an  ap- 
iable  effect  upon  the  character  of  the  sniHespecially  so 
e  case  of  black  alkali)  was  long  ago  pointed  out  by  Pro- 
»r  Hilgard.  Kveryone  who  has  given  any  attention  to 
li  Boils  has  probably  noticed  that  they  appear  damp, 
I  adjoining  lands  may  seem  perfectly  dry.  In  the  fob 
IK  table  the  number  of  cubic  centimeters  of  water  evap- 
•d  each  day  from  pots  of  the  same  size  and  containing 
ame  amount  of  soil,  are  given.  The  amounts  given  are 
iges  of  the  amounts  of  water  added  each  day  for  the 
ten  days  to  take  place  of  that  lost  by  evaporation.  For 
IrHt  ten  days  there  were  no  plants  in  the  pots  to  tran- 
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spire  water  and  change  the  result.  There  are  many 
larities  in  the  table,  prot>ably  due  to  difference  in  tt 
themselves,  but  the  general  result  is  the  same.  Fn 
pots  containing  no  alliali  17.7  c.  c.  were  evaporatei 
day,  while  the  amounts  of  water  lost  from  those  po 
taining  9  %  solutions  (ertuivalent  to  2.2%  alkali  in  so 
24.5%  moisture)  was  approximately  one  half  as  mad 
Influence  of  Alkali  Sails  on  Ei-aporation  of  Water  from  Pc 
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C  IN  NATURE. 

finiRboakarHcncy. 

tii."-Ska*tiftar,. 

Ng  are,  as  a  matter  of  course, 
and  subjects  to  which  we  are 
est  in  and  love  for  a  thing  are 
]uaintance  with  the  worthy  ob- 
t  first  sight,  but  that  affection 
:rve  and  defend  the  one  or  the 
voived  only  through  continued, 
subject  of  human  interest  has 
d  worthily  except  by  those  who 
they  had  real  knowledge  of  its 
literature  are  evident  to  those 
:  knowledge  of  it  are  prepared 
is  advanced  by  those  who  have 
d  are  thereby  made  its  devotees. 
;  voice  to  him  who  is  a  stranger 
urroughs  and  a  Lubbock  were 
and  there  learned  the  secrets 
ess. 

Wyoming. — In  this  fair  state 
>een  too  busy  to  hold  commun- 
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on  with  Nature's  visible  forms.  Because  we  lack  !< 
edge  concerning  her  we  have  been  indifferent  to  he 
[uage  and  her  inspiring  beauty.  With  the  st 
ispects  that  present  themselves  in  bleak,  wind-: 
)lain,  in  the  roaring  blizzard,  and  in  the  beetling  ci 
nighty  mountain  we  are  all  familiar.  We  are  often 
y  strangers  to  her  more  lovely  traits  because  thes 
/elop  outside  the  beaten  paths.  Yet  some  there  an 
lave  learned  to  know,  and  knowing  have  learned  tc 
ler  in  her  gentler  moods: — have  learned  to  knov 
liere  beneath  the  bluest  skies,  softest  breezes  play 
fragrant  flowers  of  rare  beauty  deck  every  hillside: 
iweet  streams  murmur  in  every  mountain  valley 
many  a  crystal  lake  mirrors  sky  and  shore;  that  en 
mosses  occur  in  every  shaded  nooK  and  lichens 
every  rock  and  crag  with  gayest  yellow  and  softest 
that  stately  trees  crown  many  a  hilltop  and  forests 
and  dense  clothe  in  solitude  every  mountain  side. 

We  are  rich  in  those  elements  of  natural  5( 
which  appeal  to  the  higher  sentiments  of  uur  natui 
too  often  we  are  forced  to  live  so  apart  from  then 
we  miss  much  of  the  good  that  ought  to  come  to  u 
that  source.  Three-fourths  of  the  people  of  Wy 
live  in  towns  upon  the  various  lines  of  railroad, 
thirds  of  these  towns  are  situated  on  the  open  and 
paralively  barren  plains.  In  some  of  these  many 
first  settlers  thought  of  them  simply  as  temporary 
of  abode.  This,  added  to  the  natural  difficulties  ei 
tered  in  adorning  the  home  and  public  grounds,  It 
homes  in  desert-like  places  and  our  lives  impovt 
from  a  lack  of  those  things  to  which  our  sentiments 
cling  through  all  the  passing  years. 
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Who  among  us,  of  maturer  years,  does  not  recall 
ith  interest  or  almost  worshipful  affection  some  stately 
ee,  shaded  lane  or  secluded  forest  nook  of  our  child- 
jod's  home  ?  But  there  are  towns  in  our  state  toJay 
ithout  a  tree  or  shrub  or  even  a  bit  of  lawn.  Our  chil- 
en  are  missing  that  element  of  refinement  which  comes 
om  beautiful  surroundings  outside  the  home.  Girls  and 
jys  are  Hearing  maturity  in  some  localities  in  the  state 
I  whom  any  tree  would  be  of  interest  and  to  whom  a 
impse  of  a  fruit  tree  in  blossom  would  be  as  a  glimpse 
to  Paradise.  There  are  homes  in  abundance  where  the 
ntiment  expressed  in  the  following  lines  would  find  no 
iswering  chord; 


Increasing  Interest  Elsewhere. — In  many  parts 
America.  Nature  has  been  so  prodigal  in  the  distribu- 
>n  of  her  trees  that  what  we  owe  to  them  has  been 
lorly  appreciated.  Just  now,  however,  a  great  wave  of 
terest  and  enthusiasm  is  sweeping  over  the  country 
lich  it  is  hoped  will  make  trees  and  forests  as  cherished 
re  as  they  have  been  for  centuries  in  the  old  world, 
lall  not  Wyoming  have  a  part  in  this  growing  interest .' 
lall  we  not  learn  something  of  the  treasures  of  our  hills 
d  mountains.'  Shall  we  not  bring  into  our  lives  and 
:o  the  lives  of  our  children  some  part  of  the  enjoyment 
d  help  that  comes  to  those  who  are  in  touch  with  Na- 
"e  ?  Sir  John  Lubbock  says:  "The  love  of  nature  is 
jreat  gift,  and  if  it  is  frozen  out  or  crushed  out,  the 
aracter  can  hardly  fail  to  suffer  from  the  loss."  If  this 
true  it  would  be  well  for  us  to  remember  that  this  ele- 


"THE  OLD  HOME." 


lit.     "THE  NEW  HOUE" 

TREES    VS.  TREELESSNESS. 
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if  it  is  to  grow  or  even  to  live, 
>  feed  upon.  We  must  surround 
ural  elements  of  beauty  to  which 
out.  These  are  prodigally  abun- 
but  Nature  has  dealt  less  kindly 


Interest. — We  must  look  before 
/e  must  see  before  we  can  know; 
ir  interest  will  be  aroused;  our  in- 
before  we  will  exert  ourselves  to 
J  of  even  our  home  grounds  with 

of  beauty  in  any  lanescapc — trees. 

■ovftbuL  haiiti  chunu.".— Onir^fr. 

interest,  interest  brings  action, 
ippeal  to  disseminate  this  know- 
ho  have  ever  loved  the  trees  of 
ose  children  are  growing  to  man- 
I  any  treeless  town;  to  all  whose 
the  wind-swept  plains,  and  es- 
hose  hands  we  are  entrusting  the 
children.  Yes,  we  can  certainly 
will  interest  themselves  in  this 
that  promises  so  much  of  good  to 
d  to  the  community  as  a  whole. 

. — The  early  explorer  who  ven- 
uri  and  the  pioneer  settler  in  what 
the  whole  trans-Missouri  region  a 
lin,  the  more  western  part  at  least 
^pothetical  "  Great  American  Des- 
:he  boundaries  of  this  desert  are 
'  hope  for  its  ultimate  extinction. 
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Nebraska,  recently  the  treeless  state  of  the 
plains,  is  no  longer  treeless.  Orchards  here,  shac 
there,  and  groves  yonder  meet  the  eye  of  the  tra 
he  is  whirled  across  its  broad  acres.  No  longer  < 
eye  follow  the  landscape  until  the  gray  of  the  und 
hills  blends  with  the  gray  of  the  sky  on  the  dista 
zon.  Its  transformation  in  one  generation  from 
treelessness  to  restful  though  animated  homelikene 
be  considered  one  of  the  achievements  of  the  age 
result  is  certainly  one  of  the  factors  that  have  c 
uted  to  the  greatness  of  our  neighboring  common 

One  of  the  most  potent  influences  in  bringinj 
this  desirable  result  has  been  the  awakening  of  a 
sentiment,  in  regard  to  trees,  the  like  of  which  I 
where  else  in  the  United  States  been  secured — and 
largely  through  the  schools.  The  school  touche: 
home.  Let  the  light  of  enthusiasm  shine  out 
teacher,  then  soon  the  whole  school  is  ablaze  with 
ness  and  the  reflection  extends  even  beyond  the 
borhood  bounds. 

This  sentiment  for  trees  and  enthusiasm  f 
planting  reached  its  climax  in  Nebraska  in  the  ye 
mediately  following  the  establishment  of  Arbor 
the  suggestion  of  Hon.  J.  Sterling  Morton.  He 
gratefully  remembered  for  that  act  long  after  hi 
public  services  have  been  forgotten,  not  only  in  Ni 
but  in  all  the  states  where  Arbor  Day  has  become 
tablished  institution — an  institution  the  observ; 
which  is  now  all  but  universal. 

Speed  the  day  when  interest    in    this    subjet 
sweep  over  Wyoming,  and,  to  hasten  its  coming, 
not  hope  to  enlist  the  co-operation    of   all    the    t 
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lin  our  borders  ?  Pupils  and  parents  will  alike  be  in- 
:sted  in  the  trees  of  the  state  in  their  homes  and  in  their 
■tion  to  ours.  In  what  way  can  we  better  begin  to  de- 
)p  this  interest  than  by  learning  to  know  them  ?  We 
It  then  soon  find  springing  up  a  desire  to  enjoy,  to  own 
to  protect  them. 


FOBEST  BESEBTATIONS. 


"I  Kgird  the  fDiTml  u  an  hcriUCC,  glvei 
dcnit>ie»  but  to  be  wii«ly  used,  rtvcrcvlly 
1  regard  the  fbrt«t  M  a  gift  entniitcd  10  ui  0 


The  setting  aside  by  the  General  Government  of 
[c  tracts  of  forest  lands,  in  various  parts  of  the  United 
tes.  to  be  preserved  perpetually  as  forests,  has  met 
ti  much  favor  in  most  parts  of  the  country.  Some  crit- 
m  arose  at  first  from  a  few  who  feared  that  private  in- 
:sts  might  suffer  or  that  certain  industries,  such  as 
ing,  might  be  hindered  in  their  development.  Now, 
:  fuller  information  has  shown  that  the  purpose  of  this 
St  legislation  is  wholly  beneficent  and  that  it  is  not 
nded  that  these  laws  shall  work  a  hardship  on  any 
,  even  those  who  were  at  first  inclined  to  criticise  are 
'  warm  advocates  of  the  policy.  The  early  criticism 
ves  to  have  been  a  good  thing.  The  attention  of  the 
lie  country  has  been  called  to  the  great  benefits  we 
ve  from  forest  covered  lands. 

Influence  of  Forests. — While  this  is  not  the 
e  for  a  discussion  of  this  question,  yet  it  may  be  well 
nention  a  few  of  the  points.      First,  it  is  well  known 

large,  wooded  areas  exert  a  great  influence  upon  the 
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climate  of  adjacent  regions,  i.  e.,  temperature,  mo 
and  healthfulness  are  affected  by  them.  Of  greate; 
portance,  however,  is  their  conservation  of  mo 
whether  it  falls  in  the  form  of  rain  or  snow.  T 
wooded  summits  and  slopes  of  our  mountains  we  ov 
fruitfulness  of  the  valleys  and  plains  below.  The  r 
taken  up  by  the  loose  soil  and  leaves  and  sinks  in 
crevices  among  the  rocks.  Days  and  even  week' 
by  before  it  all  finds  its  way  into  the  brooks  and  str 
When  it  does  reach  these  it  literally  filters  into  ih 
clear  and  sparkling  as  if  it  had  verily  been  distilled, 
snows  of  winter,  protected  in  the  shade  of  the 
woods  and  piled  in  great  drifts  in  the  canons,  lingei 
in  the  lap  of  summer,  feeding  slowly  but  surely  the 
life  giving  streams  upon  which  the  vegetation  in  th 
ley  and  on  the  plain  depends.  It  will  easily  be  seer 
the  forests  hold  back  what  would  otherwise  be  floo 
ters  in  the  streams  that  drain  the  region.  So  it  ha 
that  communities  hundreds  of  miles  from  the  great 
reservations  are  interested  in  their  perpetuation. 

Contrast  the  condition  in  open  country  or  whci 
timber  has  all  been  removed.  Rains  that  fall  upon  : 
slopes  run  off  with  a  rush,  carrying  the  soil  off  wit 
water  and  washing  out  gullies,  ravines  and  even  ca 
In  open  regions  we  have  seen  the  muddy  streams 
flowing  their  banks  after  a  shower  or  following  the 
ing  of  the  spring  snows.  The  soil  is  all  washed  ; 
making  worthless  many  a  once  valuable  acre.  The 
courses  in  such  regions,  during  dry  periods,  inst{ 
being  clear,  flowing  streams  are  little  more  than  stag 
muddy  pools. 

Wyoming  is  fortunate  in    the   possession  of  se 
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vily  forested  mountain  ranges.  She  is  thrice  blessed 
having  within  her  boundaries  three  regions  deemed 
thy  of  protection  and  preservation  by  our  Government. 
:  us  hope  that  these  may  remain  to  bless  the  people, 
h  within  and  without  our  boundaries,  through  all  time 
come.  May  national  interest  demand  the  preserva- 
1  of  the  miglity  forests  that  crown  the  summits  and 
er  the  slopes  of  the  Wind  River  mountains  also. 

Nature  has  further  made  amends  for  our  wind-swept 
ins  by  giving  us  a  fourth  Forest  Reserve,  one  in  which 
whole  world  has  an  interest  as  the  great  Wonderland. 
s  is  the  region  where  are  conserved  the  waters  that 
1  the  rivers  of  a  continent.  In  Yellowstone  Park  are 
headwaters  of  three  great  river  systems,  the  Missouri, 

Columbia  and  the  Colorado,  not  to  mention  many 
iller  streams  that  are  ultimately  tributary  to  these. 

A  Plea  for  a  Protective  Policy. — Shall  not  we, 
itizens  of  the  state  which  has  most  to  gain,  loyally  sup- 
t  a  policy  that  means  so  much  to  our  arid  plains  ?  Un- 
the  past  reckless  management,  or  rather  total  want  of 
;rvision,  enough  timber  has  been  destroyed  by  forest 
i  (often  wantonly  kindled)  to  bountifully  supply  the 
re  state  for  centuries.  Under  a  wise  protective  policy 
forests  can  be  made  to  yield  all  the  timber  that  we 
possibly  use  for  domestic  purposes,  without  in  the 
t  impairing  their  beauty,  extent  or  productiveness, 
e  learn  to  know  our  forest  resources  and  their  value 
s,  then  we  shall  come  to  appreciate  thera  so  highly 

we  shall  stand  as  a  unit  for  their  protection  from  . 
e  who  would  destroy  them  for  private  gain.  We  shall 
desire  to  protect  them  from  the  consequences  of  the 
ent  reckless  indifference  that  allows   the   destruction 
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ds  of  acres  of  valuable  timber  by  fire,  \ 
t  the  desolateness  of  what  would  otherwisi 
harming  scenery  were  it  not  for  the  dead 
s  that  strew  the  blackened  slopes.  The  wi 
d  two  places  in  the  state,  making  some  pre 
mountain  summer  resorts,  which,  with  t 
es,  would  have  all  the  elements  of  natural  b< 
)t  the  whole  effect  marred  by  unsightly,  bl 
ps  and  progress  impeded  on  every  hand  by 
illen  timber. 


NAHEB. 
ION  Names. —That  it  would  be  a  most  de; 
to  have  a  good  expressive  English  name, 
jr  trees  but  for  all  the  important  plants,  is  fi 
yy  all.  In  fact  it  seems  so  desirable  that  g 
!ing  made  by  those  who  think  and  write  i 
ects  to  hit  upon  some  good  "common  na 
h  all  can  unite.  The  difficulties  encounte 
are  great,  for  not  only  do  most  plants  have 
imon  names  in  different  localities  but,  wh 
y  different  plants  have  the  same  common  n; 
.te:  One  of  our  commonest  trees.  Lodge 
Iso  called  in  Wyoming,  Tamarack  and  E 
Jtah.  Prickly  Pine  ;  in  Montana,  White  i 
o,  Spruce  Pine,  and,  possibly  in  other  plact 
lames.  Then  these  n<imes  are  also  applt* 
5,  as,  for  instance.  Taiparack  to  Qne  other 
le  and  to  two  different  species, of  Larches 
>  other  trees.  How  tjjen  shall  we  know 
ant  when  we  hear  a  name  .*     No  way  sugi 
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f  except  that  we  must,  as  a  people,  agree  upon  the 
expressive,  available  name.  Then  we  must  learn  to 
'  that  tree  and  must  apply  no  other  name  to  it  and 
name  must  be  applied  to  no  other  tree. 
The  names  suggested  in  this  bulletin  are  not  original 
the  writer  but  such  are  chosen  from  those  in  corn- 
use  as  have  secured  the  approval  of  men  who  have 
1  much  time  and  thought  to  this  subject.* 

Latin  Names. — The  scientific  names  have  a  great 
itage  in  that  only  one  name  can  properly  be  applied 
e  plant  in  question  and  that  the  oldest  one.  By  this 
;  the  plant  must  be  known  the  world  over.  Such  a 
:  consists  of  two  parts,  the  first  or  generic  name 
li.  in  a  way,  corresponds  to  a  person's  family  name 
he  second  or  specific  name  which  points  out  a  par- 
ir  kind  much  as  a  given  name  points  out  a  particular 
n.  To  illustrate:  The  Pines  belong  to  the  genus 
t;  the  Cottonwoods  are  Popuhts.  To  point  out  a 
rular  kind  (species)  another  word  is  added,  as  Pinus 
is  (The  Limber  Pine)  or  Populv;  balsamifera  (Balm 
lead).  It  is  customary  to  add  the  name  (or  abbrevi- 
of  it)  of  the  person  who  first  describes  the  species 
ngs  the  right  generic  and  ppecifis  name  together, 
the  two  just  given  should  be  written  Pinus  flexilis 
;,  and  Populus  balsamifera  Linn. 
<Iow  these  Latin  names  are  not  so  difficult  to  learn 
understand  as  most  people  imagine.  They  are  in  fact 
easily  remembered  than  common  names  for  they  are 
descriptive  of  some  character  of  the  pl^nt  as  may  be 
n  those  given  above. 

[r.  G«irge  B.  Sud<ninh  In  ih(  cictllent  bullrtmi  ot  the  Diviiion  of  Fondry,  U.  S. 
ckaoslfdsc  my  ic^biEdiMu  id  Bull.  No.  IT  of  thai  Div. 
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In  the  following  pages  the  scientific  name  is  printed 
in  parenthesis,  in  italics,  under  the  common  name.  It  is 
hoped  that  those  who  really  wish  to  know  our  trees  by 
the  names  now  accepted  for  them  everywhere  will  famili- 
arize themselves  with  these  names  in  particular. 


THE  TREES  OF  THE  STATE.* 

TREE  DEFINED. 

Woody  plants  which  continue  to  grow  for  some  years 
are  known  either  as  shrubs  or  trees.      Size  is  usually  made 
the  line  of  separation  between   the  two   but  the  form  of 
growth  is  quite  as  characteristic.     The  following  quoted 
definition  seems  to  express  the  commonly  accepted  idea 
of  a  tree:      **  Trees  are  such  woody  plants  as  produce  in 
nature  a   single   trunk,    branching  more  or  less  above  the 
ground. "t     Accepting  this  definition,  there  are    included 
in  the  following  list  a  few  that  are  comparatively  small, 
such  as  the  Buffalo  Berry  and  the  Choke   Cherry.     But 
even  these  have  the  true  tree  habit  and  may  properly  be 
included. 


^Special  attention  is  called  to  Bulletin  No.  38  by  Prof.  B.  G. 
Bufltun,  recently  issued  by  this  Station.  That  bulletin  bears  the 
title  "  The  Cultivated  Shade  and  Forest  Trees,"  and  considers  in 
detail  the  characteristics  and  relative  value  of  the  various  trees 
that  are  used  on  home  and  public  grounds.  Methods  of  trans- 
planting and  cultivating  are  also  considered. 

Since  native  trees  must  be  so  largely  used  for  decorative 
purposes  both  on  the  home  and  public  grounds  it  seems  probaUe 
that  a  bulletin  on  how  to  recognize  them  may  be  welcome.  For 
this  reason  this  bulletin  is  made  to  follow  so  closely,  in  order 
that  the  two  may  supplement  each  other. 

fBuIl.  No.  14,  U.  S.  Dcpi.  of  Agriculture,  Div.  of  Forestry. 
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KEY  TO  THE  GENERA.* 

Leaves  necdleshapeil : 

fin  small  bim^lles  ol  Ino  t..  five I.  Pine  {Pi-iui). 

t+Singly  and  with  sharp  (ioiiU> 2.  Spruce  (/■->«). 

tftSingly  and  with  l.luiH  puiiUs 3.  IX.uKlas  Spruce  (/"j.'H./.Viwfu), 

Uaves  shun,  scale  like 4-  Juniper  yumperun. 

fKruil  an  egg  shaped  capsule,  coiuaiiiing  seeds  furnished  ivith  a  lufl 
of  while,  silky  hair: 

tKutis  resinous S-  Cutlouwund  (Fapului). 

{JUuds  nut  resinous 6.  Willow  (&i//ir}. 

ff Fruil  a  uul> 

tSmall,  in  a  close,  cylindrical  .ir  oval  cluster: 

—  Xulle!  ninsed 7-  Birch  (H,-Uih\ 

Nullel  not  winged ,8.  Alder  |/I/«hj(. 

tJIjirije,  wilh  a  cup,  singly  or  in  clusters  of  2  (03 

9.    Oak  (yj/rr.Kj}. 

+H  Frui.  wilh  conspicuous  wings  :  , 

tPr.Hlucc.1  in  pairs to.  Maple  {A(fr\. 

tJ!'r(«iiiced  siugly 1:.  Ash  ( /-"-"-rv-;//!!. 

tfttl-'ruil  fleshy,  drupe  like  (Slone  fruits): 

JSeed  single,  larEe.flaUcued  >        3  Plum  I    /.,„„,„| 

JJHeed  single,  small,  round      S        I  Choke  Cherry  f '  '■ 

■t+ftfFruit  fleshy,  a  pome: 

JSecds  large  for  Ihc  fruil,  bony 13.  Haw  {Cr.7ln^j;„s). 

UttHF™'  fleshv,  herrvlike: 

JSceds  several,  small 14.  Serviceherry  (A'lie/.ni.liirr). 

tJSeed  single,  lai^e,  pulp  dry 15.  Silver  Berry  [i-lU'is'iui). 

ttJSeed  single,  small,  pulp  juicy 

16.  Buffalo  Berry  {I.ff>irgrrat,i). 

»ie  ■  scarctly  of  inn  nor  thcau>cni:c  of  lomll.       Il  limply  indie  ■!«  Ihal  th«  climalic  con- 
11  on  rhew   high   plnlni   and    mountiin   rangei  are   iin«uiied  lu  any  bu<  iht  hjjdiir  tbrmn. 
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Pine  Family. 

(Pijiaceti:.) 

This  family  of  plants  includes  much  the  larger 
the  forest  trees  of  Wyoming.  Those  belonging  ir 
families  are  either  small  and  scattering  or  form  ; 
fringes  on  the  stream  banks — scarcely,  if  ever,  ; 
body  of  timber.  The  Pine  Family,  though  far  froir 
confined  to  mountainous  countries  and  cold  clini' 
peculiarly  characteristic  of  such  regions.  The  gi 
development  and  largest  number  of  species  occur 
ever,  where  a  moderately  cool  temperature  is  con 
with  an  abundance  of  moisture,  as  is  the  case  oi 
portions  of  the  Pacific  coast.  Of  the  sixty  species 
become  trees,  credited  to  Northwest  America,  onlj 
are  positively  known  to  the  writer  as  occurring  wit! 
bounds. 

This  family  has  for  a  long  time   been   known 
Cone-Bearers    {Coni/erce),    since    the    fruit  of  mos 
members  is  somewhat  cone-shaped. 

The  cone  consists  of  a  number^of  spirally  an 
scales  on  which  the  naked  seeds  are  borne.  All  th' 
of  this  group  are  more  or  less  resinous  and  are  al 
green.  The  four  following  genera,  with  the  species 
each,  constitute  the  tree-like  representatives  of  th; 
ily  in  this  state. 
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1.  PINES. 

(PtTIUS.) 

.  Ve  b<u  DD  ici:o^  dI  the  ;Hi>  ol  aian. 
Spring  i>  your  jole  biilorJ>D.'--£>i7d>-if  T'^y^. 

The  term  pine  is  by  most  people  applied  very  loosely. 
iple,  ordinarily  well  informed  upon  other  subjects,  ut- 
y  fail  to  discriminate  between  the  most  widely  differ- 

cone-bearing  trees.  To  most  they  are  all  simply 
eautiful  pine  trees."  whether  they  are  Pines,  Spruces, 
;.  or  more  widely  divergent  forms.  Even  Junipers  are 
letimes  included  in  this  convenient  term.  To  separ- 
them  is  so  simple  a  matter  that  our  attention  need  be 
ed  to  only  a  very  few  facts  to  enable  us  all  to  call  a 
:  a  pine,  and  a  spruce  a  spruce,  the  moment  that  we 
them.  That  both  of  them  belong  to  the  Pine  Family 
d  not  mislead  us,  for  it  is  common  practice  to  use  in 
name  of  a  family  of  plantsjthe  name  of  the  principal 
LIS  in  that  family,  A  family  may  have  many  genera 
I  well  marked  characters. 

How  TO  Know  Pinks.* — Leaves  in  bundles  of  two 
ve  (see  illustrations);  cones  rather  large  and  heavy, 
;s  tough  and  woody;  seeds  borne  on  the  base  of  the 
:s. 

Three  species  occur,  as  follows: 


I 

\ 

k  -i 

'■i^ 

.',"«-?    0' 

r  ^f. 


IV.    ROCK  PINE. 
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(1)  BOOK  FINE. 

:rotu/iirHin  {EoeeliaA  Lemmoiil, 
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(2)  LIHBEB  PmE. 

(/Vb«. /...//»  James). 


iheir  scales  wilh  broad  tips,  not 

dely  distributed  and  oc- 
the  most  exposed  situ- 
ations.      It    forms   a 
scattering  growth  or 
more  rarely  a  contin- 
uous forest;  is  usually 
most  abundant  on  east 
slopes,   and   is    found 
at    somewhat   higher 
elevations     than     the 
preceding.    It  is  rare- 
ly a  well  formed  tree, 
except  when  it  forms  a 
dense   forest,     on  ac- 
count of  the  stress  of 
weather  that  it  has  to 
endure  in  the  exposed 
situations  which  it  oc- 
cupies.    Its  remarka- 
bly   limber    twigs, 
which    no    weight    of 
II.    Limbetprpt.   Conrt,iv,igand u«/-ix-<die.        wlntcT  snow  can  ever 
ip,      enable    it    to    withstand     the     fiercest     tempest. 
far    as    our   species    are    concerned,   the     6ve-leaved 
idles    and     unarmed    cones  will     at    once    distinguish 


i 


*    h 


x" 


VIII.    LODGEPOLE  PINE.     A  cJiara 


'.>/«"««"*"'/«-.«. 


I  possibly  for  other  do- 


PINE. 

■g.  Com.' 

") 

■rrii/ll 

ro,  about   i   inches  loni 
aticheii,  which  are  often 
years:  scales  in  the  ct 
with  delicate  recurvrd 

^'marke'd 

prickles. 

ines. 

It 

usually 

occurs 

d  is  found  in  all  of  our 
mountain  ranges,  es- 
pecially on  the  moister 
slopes  and  where  the 
winter  snows  are  abun- 
dant. It  prefers  mid- 
dle elevations,  6,000  to 
9,ooofeet.  Whengrow- 
ing  in  dense  tracts  it  is 
exceedingly  slender  for 
its  height  and  no  doubt 
was  formerly  the  source 
from  which  the  Indian 
secured  the  light,  slen- 
der poles  for  his  wig- 
wam. Poles  40  to  50 
feet  in  length  a  man 
may  very  easily  carry. 
When  the  trees  are 
scattering  they  become 
ter  of  a  foot  or  more., 
yoming  much  the  larger 
miles  of  fences.     The 


So 
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■dead  poles  in  a  burned  district  can  be  prepared  with  little 
labor  as  they  are  nearly  free  from  branches.  Some  lum- 
ber, railroad  ties  and  much  of  the  *•  lagging"  for  mines 
are  obtained  from  this  pine.  This  species  is  readily 
known  by  its  slender  habit  ;  its  persistent  cones,  and  its 
paired  leaves. 


2.  SPRUCE. 

(Ptcea.) 

**  Thia  is  the  forest  ^nm^v^X."  —Longfellow. 

There  are  three  trees  in  the  state  that  are  properly 
known  as  Spruces.     Two  of  these  may  be  known  as  trui 

Spruces  {Picea)  and  the  third  is  the 
Douglas  Spruce,  which  is  placed  by 
itself  in  the  following  genus  {Pseudot- 
sugd).  All  Spruces  are  at  once  sep- 
arated from  the  Pines  by  the  arrange- 
ment of  the  leaves — in  bundles  in  the 
Pines,  singly  in  Spruces.  They  arc 
also  easily  separated  by  the  cones — 
heavy  with  chickened  scales  in  the 
Pines,  light  with  thin  scales  in  the 
Spruces. 

The  true  Spruces  are  to  be  distifi^^^ 
guished  from  the  Douglas  Spruce  \tf\ 
the  way  in  which  the  leaves  are  de^ 
tached  from  the  branchlets.  In 
former  when  the  leaves  fall  away 
branchlets  are  rough  with  the  project* 
ing,  persistent  leaf-bases;  in  the  lat- 
ter the  branchlets  are  smooth,  marked 


/ 


Z 


X.  Spruce  twies.  showing  the 
manner  in  which  the  leaves 
are  detached. 

1.  Douglas  Spruce, 

2.  The  true  Spruces, 


IOEL.MANN  SPRUCE. 


Thk  sf^cir!  o/len^.-:,,  .  clccfor^^t 
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only  by  the  oval  scars  of  the  fallen  leaves.     The  ; 
panying  figure  will  make  this  plain. 


(1)  ENaELHANB  SPBUOE. 

(ftVM  E»gtlmanm  Eneelm.) 


Detcript ion.— Leaves  from  >4  to 
cones   oval  or  olitone,   about   l  inchc 

1  inch  i 

s.  four- a 
long  a 

lenglh,  singly  and  somewhi 
nijled,  abruptly  sharp  pojnwil 
d   half  OS  Ihkk;    scaler  thtn 

tough,  ovnie,  with  a  scjuarecut   tip  wh 
teelh. 

ch  is  en 

ire   or   may  bear  a  few  siuil 

This  is  the  most  important  forest  tree  in  the  state. 
Hundreds  of  square  miles  in  our  higher  mountains  are 
completely  clothed  with  it.  Though  not  the  largest  of 
our  trees,  yet  it  attains  in  favorable  situations  a  great 
size,  becoming  perhaps  lOO  feet  in  height  and  two  feet  or 


Id  Spructi,     /.   Bl-U.    1.  Engilman 


of  trees  it  becomes  merely  a  spreading,  pros 
buried  for  months  beneath  the  load  of  the  w 
These  are  strikingly  different  in  appearance  fr 
spire-shaped  trees  on  the  lower  slopes. 


The  Trees  of  Wyoming. 


From  this  species  is  obtained  much  of  the  native  lum- 
that  is  produced  in  the  state.  The  wood  is  firm  and 
Stic  and  while  it  is  difficult  to  obtain  lumber  free  from 
)ts.  yet  since  these  rarelj'  fall  out,  it  has  been  found 
table  for  a  large  number  of  purposes. 

This  is  the  species  that  the  Forest  Reserves  are  es- 
ially  designed  to  protect.  These  great  tracts  of  sub- 
ine  woods  hold  back  the  waters  of  the  winter  snows, 
m  which  the  streams  are  fed  late  into  the  summer 
nths. 

(2)  BLUE  SFBUCE. 
(/'„™/H«i,'f«jEi.gelm,) 

Though  cadi  i»  hue  ptculiu."— Gnu/^r. 

-     - Description.— I  .eaves  very 

similar  lo  the  preceding,  mnre 
slender  and  rigid,  more  strimg- 
1)'  4  angled  and  sharper  piiinl- 
ed.  often  wilh  a  i)1ue  green 
(trlniieus)  colnr;  cunes  nlsii  quite 
Mniilar  (reddiiih'brown  in  lioth), 
lunger  and  more  cylindrical  in 
(his,  scales  very  thin  and  usu- 
ally with  a  wavy,  irregular 
edyc 

The  Blue  Spruce, 
while  widely  distrib- 
uted throughout  the 
Rocky  Mountains,  can- 
not be  said  to  be  abun- 
dant. It  occurs  at  in- 
tervals throughout  our 
mountains,  mostly  as 
scattering  individuals 
or  in  small  chimps.  It 
is  found  at  middle  ele- 

XIII.     BlutSpruct.     r«.ii-ifl«rfrtn«.  .  ,  , 

vations,    rarely    reach- 
9,000  feet,  and  prefers  moist  soil.      Near  streams  and 
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on  moist  slopes  it  makes  a  fair-sized  tree,  but  the  wood  is 
said  to  have  little  value. 

It  is  not  readily  distinguished  from  the  preceding  ex- 
cept by  its  habitat,  its  usually  smaller  size,  its  cone- 
shaped  habit,  i.  e.,  its  sharply  tapering  crown,  and  its 
blue-green  or  silvery  foliage. 

On  account  of  its  handsome  appearance  it  is  largely 
used  as  an  ornamental  tree  for  planting  on  the  home  or 
public  grounds.*  Most  of  the  trees  thus  used  are  nursery 
grown,  as  they  transplant  more  readily  than  those  re- 
moved directly  from  their  mountain  habitat. 


There  is  a  probability  that  Wyoming  posse»«es  one  of  the  true  Fir  trees.  Though  (he 
writer  has  not  found  it,  he  has  no  reason  for  thinking  that  the  species  that  has  been  reported  i 
few  times  from  our  higher  mountains  is  not  here.  Sometimes  such  reports  arise  from  ousukcs 
identity,  but  in  this  case  it  will  be  rather  surprising  if  the  presence  of  the  following  species  is  not 
established : 

ALPINE  FIR  (AfiUs  lasiocarpa  (Hook.)  Nutt.)  A  slender  tree  of  the  higher  nwon- 
tains  of  the  western  United  States.  Its  leaves,  like  those  of  the  Spruce,  are  borne  singly,  soiae- 
what  in  two  ranks  :  the  branches  are  arranged  in  a  succession  of  whorls  :  the  cones  are  aeaziy 
cylindrical,  about  2^  inches  long,  erect  and  produced  at  the  sides  of  the  branches :  bark  thio 
and  pale.  If  any  of  the  users  of  this  bulletin  happen  to  find  this' tree,  the  foregoing  sutemeots 
will  aid  in  distinguishing  it  from  the  Spruces,  the  only  trees  in  this  stale  with  which  thb  Fir  coald 
be  confused.     Reports  concerning  it  will  be  welcome. 


3.  DOUGLAS  SPRUCE. 

(Pseudotsuga  taxifolia  (Lam.)  Britt.) 

"Oh  !  proudly  then  the  forest  kings 
Their  banners  lift  o'er  vale  and  mount."— £'^VA  May, 

Description. — Leaves  flattened,  with  a  narrowed,  stem -like  base,  mostly 
blunt  pointed,  whitish  below,  twisting  on  the  base  so  as  to  appear  comb-like 
on  the  branches,  ^  in.  to  twice  that  length:  cones  egg  shaped,  about  3  inches 
long  and  half  as  thick;  three  pointed  bracts  project  from  among  the  scales ef 
the  cone:  bark,  in  old  trees,  very  thick  and  furrowed. 

This  is  one  of  the  largest  trees  of  the  state  and  tor 
that  matter  of  the  United  States.  It  reaches  its  maxi- 
mum size  in  moister  climates,  but  even  here  it  is  a  stately 


*Sec  Bull.  38  of  this  Station  by  Prof.  B.  C.  Bufium. 
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e,  often  much  exceeding  a  hundred  feet  in  height.  It 
:urs  in  canons  and  on  rocky  slopes  up  to  lO.OOO  feet, 
:  finest  specimens  being  found  near  the  banks  of  moun- 
1  streamlets.  Its  wood  is  hard  and  durable,  making  it 
much  value  where  heavy  timbers  are  required.  Much 
iber  is  made  from  it  and  for  railroad  ties  it  is  consid- 
d  superior. 


XV.    DougUt  Spruce. 


!t  may  always  be  distinguished  from  the  true  Spruces 
ts  blunt  leaves,  its  thick,  furrowed  bark,  and  especial- 
ly the  cones.  These,  with  their  three-pointed  bracts, 
quite  peculiar  to  this  tree. 


4.  JUNIPERS. 

(  f unifier  US  ^ 

The  members  of  this  genus  are  often  known  as  cedars, 
this    name  properly  belongs   to  another   genus,  while 
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this  group  should  always  be  called  Juniper.  Of  the 
twelve  tree-like  Junipers  in  the  United  States,  Wyoming 
has  two,  both  of  which  have  recently  been  described  as 
new.  One  of  these  has  been  known  for  years  as  occurring 
here,  but  has  been  supposed  to  be  the  same  as  the  Red 
Juniper  of  the  eastern  states.  It  was  only  in  1897  "^^^ 
the  distinctions  between  the  two  were  made  out,  in  part 
from  a  series  of  specimens  prepared  at  the  University  of 
Wyoming  for  Dr.  Sargent,  Director  of  Arnold  Arboretum. 
It  now  bears  the  name  first  given  below.  The  other  spe- 
cies, the  second  given  b^low,  seems  to  have  been  over- 
looked until  named  and  described  by  the  writer  in  1898. 
This  does  not  mean  that  it  is  particularly  scarce  in  its  lo- 
cality but  only  that,  though  observed  by  many,  it  had 
been  assumed,  as  with  the  other,  to  be  one  of  the  well 

known  species. 

Though  the  Junipers  are  included  in  the  cone-bearers 

yjt  the  cone  will    hardly  be    recognized    as    such.      The 

scales  are  small,  few  and  fleshy  and   form  a  small  globose 

berry  instead  of  the  ordinary  cone.      This,  with  the   fact 

that    the    leaves*    are    scarcely    more    than    short,    fleshy 

scales,  will  enable    anyone    to    at    once    recognize    these 

evergreen  trees,  our   two   species  of  which   it  will    not  be 

hard  to  separate. 

(1)  ROOKY  MOUNTAIN  JUNIPER, 

{Ju7Uperits  stopulorttm  Sargent). 

"Will  these  moss'd  trees, 
'  .  That  have  outliv'd  the  c.tgle.  page  thy  heels. 

And  skip  when  thou  point'st  out?  " — Skakfs^are, 

Description. — Leaves  in   pairs,  very  short,  nearly  clothing   the   branch 
lets:  berries  very  numerous,  not  maturing  until  the  close  of  the  secoiul  <»e£s«.>a, 
light  green  when  young,  when  mature  blue  with  a  whitish  bloom. 

This   species   is    found    at    intervals    throughout   the 

♦In  very  young  plants  the  leaves  are  usually  longer,  needle  or  awl  shaped,  sometiracs  4 
inch  in  length. 


I 

I 


The  Trees  of  Wyoming.  87 

state  from  the  south- 
eastern to  the  north- 
western corner.  It  oc- 
curs in  canons  and  on 
rocky  bluffs.  Often  it 
is  stunted  and  shrub- 
like but  more  often  a 
tree  with  short,  thick 
trunk  and  rounded  top. 
Sometimes  it  branches 
from  the  base  and  then 
resembles  in  habit  the 
following  species.  Its 
iStriv/'*'"'* *'" *"'"'*'     wood,  though  occasion- 
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ally  used  for  fuel,  is  particularly  valuable  for  posts,  as  it 
resists  decay  to  a  remarkable  degree  even  w" 
tact  with  the  soil.       Its  habit,    its   numerous 
berries,  which  have  a  whitish  bloom,  and  its  s] 
will  serve  to  separate  it  from  the  next. 

(2)  DESERT  JUNIPER. 

{Jump^rus  Kmghli  Aven  Nelson) 

WliDW  bJTih  w»  kn  ihcir  lops,  grvw  old  ind  died 

Among  iheir  btaacho." — Bryitnl. 
D««Cription.— Hranched  from  Ihc  bnsc,  rarely  «'ilh  a  si 
ally  ii  roiindcil,  bushy  clump  of  auhcqual  trunks  and  spreaJiu) 
30  feet  high;  leaves  three-ranked,  thick,  aboul  1-12  inch  long; 
or  cupper  colored,  marked  on  the  surface  by  more  or  less  y 
seed  single  (rarely  two),  large,  covered  by  the  dry  pulp. 

So  far  as  the  distribution  of  this  tree  is 

confined  to  the  south-central  and  the  southwe: 
the  state. 

those  desert  portions, 
like  the  Red  Desert, 
from  which  all  other 
trees  are  absent.  Even 
here  it  occurs  only  at 
intervals  on  the  red 
sandstone  hills  and 
bluffs  as  scattering  in- 
dividuals or  sometimes 
forming  considerable 
thickets.  It  will  be 
known  by  its  bushy 
habit,   its   thick   twigs 

xv[ii.  D.«r,j.nip„^7^.,,>./..™..*,.w,v    and    its   large,    rough- 
ened,   copper  -  colored 

berries.     In  the   localities    where    it    occurs    it    furnishes 

fence  posts  and  fuel. 
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ing  in  our  Cottonwoods  but  mostly  erect  in  the  Willows. 
The  female  flower  cluster  develops  into  a  somewhat  simi- 
lar but  more  elongated  cluster  of  capsule-like  fruits,  which 
are  two-celled  and  contain  several  small  seeds  that  are 
furnished  with  a  tuft  of  fine  hairs.  When  mature  these 
.are  readily  borne  for  miles  by  the  wind,  but  only  a  very 
small  percentage  are  ever  lodged  in  a  suitable  place  for 
germination  and  development. 


/.  LaKtlla/  Catltnvmid. 
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5.  COTTONWOOD. 

(Pofiu/us) 

"  He  that  plani*  met  lovet  othcn  be»dv  bifntclf." 

The  Cottonwoods  need  no  description  as  a  group; 
hey  are  known  to  everyone,  but  it  may  not  be  perfectly 
ear  that  the  Aspen  and  the  Balm  of  Gilead  are  Cotton- 
oods.  In  fact  we  shall  not  call  them  by  that  "common 
imc, "  but  they  as  well  as  the  other  three  belong  in  the 
:nus  Populus.  Our  live  species  are  easily  known  in  the 
tmmer  time  by  the  shapes  of  the  leaves,  as  shown  In  the 
jures  accompanying  the  short  descriptions  below.  Since 
lese  are  the  trees  that  we  must  use  to  a  large  extent  for 
lade  and  ornamental  planting*  in  this  state,  it  is  desira- 
e  that  we  be  able  to  recognize  them  in  their  winter  con- 
tion  also.  Transplanting  can  most  safely  be  done  in 
e  spring  before  the  buds  open.  To  assist  in  recogniz- 
g  them  at  that  time  the  accompanying  plate,  showing  a 
'ig  and  buds  of  each,  will  be  helpful,  as  will  also  a  study 
the  bark  character. 

(1)  NABBOWLEAF  COTTONWOOD. 

(/•«/«/«!  a»su,l,fol,a  James) 

Description. — Leaves  small,  oblong 
or  lanceshapcd,  usually  acute  at  Ihe 
apex  and  wilh  rounded  base,  tinely  scal- 
loped on  the  margins:  buds  small, 
pointed,  (lark  brown  (see  Plate  XX,. 
Fig.  5):  bark  thick,  coarsely  furrowed 
dark  colored,  these  characters  more  pronounced  as  the  tree  grows  older. 

The  most  abundant  of  rhe  Cottonwoods  (excepting 
■  Aspen)  in  this  state.  It  becomes  in  some  localities  a 
ge  tree,  sometimes  75  feet  high  and  3  feet  in  diameter, 
lugh  usually  it  is  much  smaller.  It  occurs  at  intervals 
all  the  larger  streams  in  the  state  either  as  a  fringe  on. 

•See  Bull.  3M  ot  thii  Siaiion. 
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their  borders  or  in  groves  quite  covering  the  adjacent  low 
bottom  lands.  It  may  always  be  known  by  the  small,  nar- 
row leaves  and  the  dark,  thickened,  furrowed  bark  which 
becomes  enormously  thickened  in  the  old  trees. 

(2)  LANOELEAF  COTTONWOOD. 

[Pjpuius  acuminata  Rydb.) 

Description. — Leaves  broad- 
ly lance-shaped  or  ovate,  apex 
acuminate,  finely  scalloped  on  the 
margins,  larger  than  in  the  fore- 
going species,  2  to  3  inches  long 
(on  young  shoots  often  more): 
buds  medium  si/ed,  light  brtmn 
(see  Plate  XX,  Fig.  4):  twigs 
slender,  light  colored:  bark  in 
young  trees  very  smooth  and  almost  white,  becoming  darker  and  rougher  aa 
the  trees  get  older  but  never  so  much  so  as  in  the  ])receding  species. 

Though  found  native  in  the  state  it  is  far  from  com- 
mon and,  so  far  as  the  writer's  observation  goes,  occurs 
very  sparingly  on  only  a  few  tributaries  of  the  Platte  in 
the  eastern  part  of  the  state.  That  it  occurs  elsewhere 
within  our  borders  is,  however,  quite  probable.  It  attains 
nearly  as  great  a  size  as  the  preceding  but  is  a  smoother, 
handsomer  tree  at  all  times.  It  makes  a  more  rapid 
growth,  is  a  trifle  less  hardy  but  is  used  largely  tor  plant- 
ing— mostly  from  nursery  stock. 

(3)  COTTONWOOD. 

{I\>pulu5  deltoides  Marsh.) 

Description. — Leaves  broad, 
deltoid -ovate,  the  apex  abrupt- 
ly pointed,  the  base  nearly 
truncate,  rather  coarsely  scal- 
lo|)ed  or  toothed  on  the  mar- 
gin: buds  larger  than  in  the 
preceding  (see  Plate  XX,  Fig 
3):  the  youngest  branchleis 
angled:  bark  grayish,  becom- 
ing rough  and  irregularU  fur- 
rowed as  the  tree  gets  older. 

This    i.s    the  (com- 
mon)    Cottonwood    of 
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e  eastern  and  central  United  States.  Throughout  that 
gion  it  is  very  abundant  but  it  just  comes  into  our  range 
1  the  eastern  border  of  the  state.  On  the  Platte  and  its 
ibutaries  and  in  Crook  and  Weston  counties  it  is  known 
occur.  It  is  the  largest  of  the  Cottonwoods  and  may 
sily  be  known  by  its  leaves  and  the  '■necklace-like" 
lits  as  well  as  by  the  bark  which  is  roughened  by 
Jique  furrows,  and  is  nearly  uniform  in  color  through- 
it. 

Like  the  precedingit  is  used  to  some  extent  for  fuel 
d  other  domestic  purposes  but  the  wood  is  soft  and 
:ak  and  not  very  highly  valued. 

(4)  BALM  OF  aiLEAD. 

Description. — Leavesovate,  Mp- 
ering  gradually  to  ihe  acute  apex, 
sniiiolh    and    green   nbiive,    whitish 

margins;  hurls  large,  ciialed  with 
resinous,  glutinous  eu™  (see  Plale 
XX,  Fig.  I);  bark  smooth  on 
young  trees,  somewhat  roughened 
un  the  old,  darker  in  color  than  in 
the    Uiicfkaf   Cottonwood    which 

This  species  is  of  rather  rare  occurence  in  Wyoming, 
rarige  is  eastward  and  northward  in  the  United  States 
j  Canada  where,  in  favorable  situations,  it  attains  a  large 
e.  It  seeks  sheltered  localities  on  the  banks  of  small 
es  and  streams.  It  may  be  expected  in  such  situations 
all  parts  of  this  state,  though  it  is  never  found  in  abun- 
ice — usually  scattering  trees  or  small  groves  only.  With 
it  has  little  economic  importance  except  as  a  shade  or 
lamental  tree.  Its  large  resinous  buds,  leaves  shiny 
»ve  and  whitish  beneath.and  bark  comparatively  smooth 
1  enable  anyone  to  know  this  tree. 
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5)  A8FEN. 

Iremtthides  Michx.) 

Description. — Leaves  small,  broad ty 
□vale  or  rounded,  abcuplly  short  painted, 
liiiel)'  loolhed  on  the  matgias,  teafslalks. 
flattened  latlerally  causing  ihem  Co  tremble 
in  theslightest  breeze;  buds  short  and  thick- 
ened (see  Plate  XX,  Fig.  3):  somewhat 
crowded  at  the  ends  of  the  (wigs:  bark 
smooth  except  in  very  old  trees. 

Found  in  abundance  in  those 
hills  or  mountains  abound.  It 
proves  on  the  slopes  where  snow- 
anks  of  mountain  streams-  Our 
racteristic  location  and  a  typical 
;s  are  usually  small  but  in  very 
y  attain   a   height   of   50   feet  or 

joie-like  trunks  are  used  more  or 
s    fuel    are    not   to    be    despised, 
grove   and   set   out   singly   they 
/er  form  shapely  trees. 


WILLOW. 

[Salix) 
ate  in  the  United  States  possesses, 
of  willows  as  Wyoming.  Mr.  M. 
,  the  greatest  authority  on  wil- 
a  letter  to  the  writer  a  few  years 
ow  State  "  as  a  suitable  name  for 
the  large  number  of  species  found 
ive  very  few  that  attain  tree-like 
ire   mere  shrubs,    forming    great 
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thickets  on  the  borders  of  our  mountain  brooks  and 
swamps  and  fringes  on  the  banks  of  the  larger  streams. 
The  few  merely  named  below  do,  however,  attain  the 
stature  of  small  trees.  No  attempt  will  be  made  to  char- 
acterize these  as  it  would  require  more  space  and  fuller 
botanical  descriptions  than  this  bulletin  contemplates.* 
Everyone  knows  a  willow,  knows  where  willows  are  to  be 
sought  and  knows,  too,  something  of  their  uses.  The 
following  are  the  species  that  may  be  included  among  the 
trees  of  the  state: 

(1)  ALMONDLEAF  WILLOW. 

{Sa/ix  amygdaloides  Anders.) 

One  of  our  largest  and  most  widely  distributed  tree- 
like  willows.  It  is  generally  spoken  of  simply  as  the 
**  common  willow." 

(2)  WESTERN  BLAOK  WILLOW. 

{Salix  lasiandra  Benth.) 

The  Wyoming  form  of  this  willow  is  considered  only 
a  variety  (var.  caudatd)  of  the  species  as  written  above. 
It  ranks  with  the  preceding  in  size  and  is  widely  distrib- 
ted  in  the  state. 

(3)  BEBB  WILLOW. 

{Sa/ix  B  ebb  tana  Sargent) 

Though  never  large  it  is  decidedly  tree-like  on  ac- 
count of  its  usually  single  trumk  and  rounded  bushy  top. 

It  seems  doubtful  whether  any  of  the  other  numerous 
species  attain  such  a  size  as  to  be  called  trees. 


'Possibly  sometime  in  the  future  it  may  seem  of  sufficient  importance  to  issue  a  special  but- 
letin  on  our  Willows  and  their  uses.  The  entire  list  and  the  means  of  recognizing  toem  may 
then  be  given. 
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Birch  Family. 

(Bctu/aceis) 
This  family  is  represented  by  three  Birches  and  one 
;r.  One  of  the  Birches  (Belu/a  glandulosa  Michx.)  is 
a  small  shrub  occurring  in  swales  in  the  mountains, 
eed  not  be  mentioned  further  in  this  bulletin.  None 
le  members  of  this  family  become  very  large  in  Wyo- 
j,  but  they  are  to  be  recognized  as  true  trees.  No 
thy  description  is  necessary,  for  there  are  no  trees  in 
state  with  which  they  can  be  confused.  As  in  the 
ow  Family,  the  flowers  are  borne  in  separate  clusters, 
in  this  on  the  same  plant,  while  in  the  Willows  they 
»n  separate  plants.  The  male  flowers  are  in  slender, 
ping  clusters,  while  the  female  form  shorter,  thicker 
erect  aments.  The  numerous  fruits  in  the  cluster, 
1  ripe,  are  small,  flattened,  one-seeded  nutlets  with  a 
1,  thin  wing  at  either  side. 


7.  BIRCH. 

{Btlula) 
Our  Birches  are  slender   trees    with  slender,  limber 
ches  and  rather  small  leaves;  the  seed-like  nutlets  dis- 
ly  winged.      The  two  species  are  easily  separated  by 
lark  alone. 

(1)  FAPEB  BIBOH. 

\Belula  pnpyriffni  Marsh) 
escription. — Bark  while,  smooth,  or  young  branches  often  with  nu- 
1    dots,   peeling  readily  into   thin,  paper  like   layers,    hence    the   name: 
uvale,  iimalt,  toothed  on  the  margins. 

This  species  in  northern    and    eastern    America   be- 
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comes  quite  a  large  tree.  Since  its 
bark  was  the  source  of  the  Indian's 
canoe  it  is  sometimes  called  the  "ca- 
noe birch."  Since  it  has  also  often 
furnished  the  material  upon  which 
letters  were  written,  it  has  always 
been  of  much  interest.  It  is  very 
rare  in  Wyoming,  probably  oc- 
curring only  in  the  northeastern  part, 
in  the  Black  Hills.  Here  fine  speci- 
xxii.  Paper  Birch.  Lta/  mcns  of  it  are  not  rare,  though  thev 
anjyrui,ci^,„  (,„„,).       geidojn  attain  ^ny  great  si; 

(2)  WESTERN  BIBOH. 

{Bf/u/a  acfidenlalii  Huok.) 
Description. — Bark    smooth,    dark    or    bronze  colored; 
dolled:   leaves  ovale  or  someliniea  nearly  round,  sharply  touthe 
and  (hin:  the  very  small,  seed-like  nul  wilh  broad  nings. 

This  birch  occurs  on  many  of  our  mounta 
usually  as  a  nn-.TC  fringe  on  the  banks  but  occ; 
small  thickets.  It  attains  a  height  of  25  to  t 
furnishes  slender  poles  often  used  for  fencing 
for  fuel.  It  need  never  be  confused  with  the  preceding, 
but  is  less  readily  distinguished  from  the  following. 


since  it 

briefly. 


8.  ALDER. 

genus  is  represented   by  one  species   only,  and 
is  of   small    economic  value    it    may  be  treated 

(1)  PA.PERLEAF  ALDEB. 

{Alnii! Unuxfoiia  Null.) 
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1  the)'  open  and  hanging  naked  upon  the  branches  during  the  winler, 
ng  in  the  spring  before  ihe  leave*  develop:  jced-like  nutlet  jlightly  mar- 
but  scarcely  winged. 

This  is  little  more  than  a  large  shrub,  but  since  it  oc- 
so  extensively  throughout  the  state  and  lends  itself 
so  readily  to  transplant- 
ing it  seems  well  to  in- 
clude it.  It  usually  forms 
clumps  of  several  or  nu- 
merous stems  from  the 
root  and  grows  as  an 
overhanging  fringe  on  the 
banksof  mountain  stream- 
lets. Its  habit  of  growth 
and  the  presence  in  win- 
ter of  the  naked  flower 
clusters  will  help  to  sep- 
arate it  from  the  West- 
ern Birch,  the  only  spe- 
cies with  which  it  can  be 
confused.  It  has  some 
„     „      ,   ,  .,j      ,    ,      ,   ^  fuel  value  and  often  con- 

[I.     Paperleaf  Aldtr.     Leaf,  malt  fiinttr 

^u.i,r{u_ri)«nj/rm,i„v<^i->i',.  stitutcs  natural  wind- 

ks  that  are  of  service  to  ranch  homes  and  to  stock  on 
range.  It  can  be  used  effectively  for  ornamenting  the 
e  grounds. 


Beech  Family. 

{Fagaceip) 
Because  of  similar  botanical  characteristics  the  Oak 
IS  {Quercus)  is  placed  in  the  above  family.      Since  for 
present  purposes  we  are  concerned  with  a  single  spe- 
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cies  of  Oak,  we  need  not  consume  space    in    describing 
this  family,  but  may  pass  at  once  to  the  genus. 


9.  OAK. 

(Quer.us) 


The  Oaks  belong  to  that  group  of  trees  that  are  often 
spoken  of  as  "hardwoods."  While  the  quality  of  the 
wood  in  the  several  species  differs  greatly,  yet  all  furnish 
timber  of  much  value.  As  sources  of  lumber  for  furni- 
ture, implements,  machinery  and  for  all  sorts  of  timbers 
where  great  strength  is  required  this  group  holds  an  im- 
portant place. 

(1)  BUB  OAK. 


it  thrives  only  at  low  altitudes, 
something  of  a  surprise  to  find  it 


Deacription 

—Leaves  obo 

)ed,   Ihe   lob« 

rounded, 

pnle 

and     sligbltv 

nholly    e 

nclosed    in    ihe    cup. 

raihe 

r  large   and  a[ 

less  than  half 

ene]iK«d. 

these 

ales  uE  Ihe  cap 

This  species  has  3 
wide  range  in  North 
America  and  in  fa- 
vorable situations  be- 
comes a  very  large 
tree.  Like  most  oaks. 
On  that  account  it  is 
in  Wyoming  at  all.     It 
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however,  quite  abundant  among  the  hills  in  the  lowest 
tions  of  Crook  County.  In  such  situations  it  is  usually 
ch  reduced  in  size,  but  here  in  some  places  it  is  not 
y  well  represented  but  many  specimens  become  fine 
;s  2  to  3  feet  in  diameter.  It  is  one  of  the  valuable 
her  trees   of  that  county. 


Maple  Family. 

{Acerace<e) 

The  Maple  Family  has  three  representatives,  all  of 
m  small,  the  Box  Elder  being  the  largest  of  the  three, 
;  Silver,  or  Soft,  Maple,  so  largely  used  as  a  shade 
;  in  the  states  lying  to  the  east  of  this,  does  not  occur 
e  and  will  not  endure  the  climate  of  many  parts  of  this 
e.      The  species  that  do  occur   are  all   much  hardier, 

are  shrubby  in  habit  and  less  well  adapted  for 
isplanting. 

10.  MAPLE. 

{Acer) 
This  is  the  only  genus  in  this  family  in  North  Amcr- 
AU  its  members  are  trees  or  shrubs  with  watery  or 
:tish  sap,  the  seed-like  fruit  in  pairs  and  conspicuously 
jed.      Our  species  are  as  follo«*s: 

(1)  DWABF  HAPLE. 

{Ater  gl.,irum  Torr.) 
Description. — Leaves  i  to  i  inches  long,  smooth  or 
nearly  so  on  both  aides,  lotied,  Ihe  lobes  .icme  and  sharp- 
ly toolhed:  the  winged  seeds  about  I  inch  long. 

This  species  is  common  in  the  foot- 
hills and  the  more  broken  areas  of  the 
state.     It  prefers  canons  and  canon  sides 
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where  it  is  hardly  more  than  a  shrub,  growing  in  clumps 
of  larger  or  smaller  size.  More  rarely  it  becomes  a  small 
tree  20  to  30  feet  high.  It  may  always  be  recognized  by 
its  paired  (opposite)  buds,  sharply  lobed  leaves,  light  col- 
ored bark  and  the  paired  wing-fruits.  A  clump  or  two 
of  it  on  the  home  grounds  would  add  much  to  the  inter- 
est of  the  surroundings. 

(2)    LABGE-TOOTH  MAPLE. 

{Acer  grandidenta turn  Nutt.) 

Description. — Leaves  3-Iobed,  the  notches 
rounded  and  the  lobes  wavy-toothed,  larger  than  in 
the  preceding:  seeds  as  in  the  foregoing  but  slightly 
smaller  and  with  narrower  wing. 

This  Maple  belongs  west  of  our 
range  but  it  occurs  sparsely  in  the 
southwestern  part  of  the  state  and  pos- 
"sibly  along  our  whole  western  border. 
It  is  nearly  related  to  the  Sugar  Maple  but  being  small 
and  scattering  its  sap  is  not  utilized.  In  rare  instances 
the  trees  become  35  to  40  feet  high  and  a  foot  in  diam- 
eter. The  sketch  of  the  leaf  shows  the  characters  that 
easily  separate  this  leaf  from  that  of  the  preceding.  With 
leaf  and  seeds  (even  young  ones)  in  hand  there  can  be  no 
mistaking  this  for  any  of  our  other  trees. 

(3)  BOX  ELDER. 

{.-f^t^r  ftfi^undo  Linn.) 

Description. — Leaves  com{)ound,  i.  e.  3  to  5 
leaflets  (as  shown  in  figure)  on  each  leafstalk,  pub 
escent  when  young,  smooth  when  old,  few  toothed 
or  rarely  somewhat  lobed:  wing  fruits  paired  and 
very  similar  to  the  preceding  Maples  but  broader 
and  finely  veined. 

We  do  not  always  think  of  the 
Box  Elder  as  a  Maple  but  its  fruit  and 
floral  characters  show  thatnit  is  very 
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)scly  related  to  the  others.  It  is  fairly  plentiful  through- 
t  the  entire  eastern  part  of  the  state  along  the  streams, 
i  habit  is  always  tree-like  but  it  rarely  attains  a  great 
;e — 25  to  40  feet  in  height  and  a  foot  in  diameter  being 
obably  the  maximum.  It  is  hardy  and  may  be  readily 
tnsplanted  though  in  higher  portions  of  the  state  it 
ikes  slow  growth  and  may  need  some  protection.  Its 
lits,  its  leaves  and  the  slender,  drooping  clusters  of 
eenish  flowers  make  it  easily  recognizable. 


Olive  Family. 

{OUacea.') 
This  family  contains  about  a  score  of  genera  only  a 
V  of  which  belong  to  North  America.  Of  these  the 
mmon  Lilac  {Syringa)  and  the  Ash  {Fraxinus)  are  the 
st  known.  Since  the  members  of  this  family  differ 
satly  among  themselves,  our  species  only  need  be  con- 
lered. 


11.  ASH. 

{Fraxinus:) 
Of  the  dozen  or  more  species  in  the  United  States, 
I  (possibly  two)  occurs  in  Wyoming.  All  are  trees 
I  some  of  them  attain  a  great  size,  furnishing  timber  of 
ch  value.  They  are  easily  known  by  the  compound 
ves  and  the  winged  fruits  as  shown  in  the  figure  below, 
e  fruits  are  borne  in  clusters  and  do  not  differ  mater- 
■y  except  in  the  relative  size  of  the  wing  and  the  body 
;he  seed. 
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(1)  GBEEN  ASH.* 

[Fraxinus  lanceolatus  Borkh.) 

Description. — Leaflets  5-9,  finely  toothed  on  the 
margins,  long  pointed,  green  on  both  sides:  male  and 
female  flowers  on  different  trees,  in  a  close  cluster,  ap- 
pearing with  or  before  the  leaves:  fruits  about  \%  inches 
long. 

This  species  appears  but  sparingly  in 
this  state,  only  so  far  as  known  on  some  of 
the  streams  in  the  eastern  part,  though 
probably  it  occurs  northward  in  the  lowest 
portions  of  the  state  as  well.  Its  wood  is 
valuable  but  the  trees  with  us  are  too  small  and  scatter- 
ing to  have  any  economic  importance  except  as  it  may 
be  used  as  a  shade  or  ornamental  tree. 


Plum   Family. 

{Drupacece. ) 

This  family  is  represented  by  the  common  Wild 
Plum  and  one  species  of  Choke  Cherry.  As  is  well  known 
these  trees  are  all  small,  all  have  a  fleshy  fruit  with  a  sin- 
gle stone-like  seed. 


PLUM  AND  CHERRY. 

{Prunus,) 

Here  belong  Plums  and  Cherries  of  all  kinds,  too 
well  known  to  need  any  description.  Our  species  are  as 
follows: 


*There  is  a  possibility  that  in  the  Btark  Hills  of  Crook  County  some  specimens  of  the  Red 
Ash  (Fraxinus  Pennsvii^nica  Marsh)  may  be  found.  Though  it  rather  closely  resembles  the 
(jreen  Ash  yet  it  may  be  known  by  the  leaves  being  pale  and  soft,  or  velvety,hairy  below  and  the 
body  oT  the  seed  being  about  as  long  as  the  wing. 
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(1)  WILD  PLUH. 

iPruNus  Americana  Marsh) 

mthed,  smuoth  when  old; 

This  small  tree  occurs  with  more  or  less  frequency  in 
he  northeastern  counties  and  yields  occasionally  a  con- 
iderable  amount  of  its  pleasantly  acid  fruit.  It  is  well 
lorthy  of  cultivation  for  not  only  does  it  yield  better 
ruit  and  more  of  it,  when  the  tree  is  cared  for,  but  it  is  at 
he  same  time  a  desirable  addition  to  the  trees  of  the 
ome  grounds,  because  of  its  wealth  of  white  flowers. 

(2)  WESTERN  OHOKE  OHEBRT. 

{Prunus  demiisa  (Null)  Watp.) 

Description. — Leaves  ovate,  acute,   finely  serrate:  Ihe  white  flovers  in 
eiise,  cylindrical  clusters;  Iruii  when  ripe  nearly  black. 

In  most  localities  this  is  only  a  small  shrub  but  in 
cry  favorable  situations  it  becomes  a  tree  20  or  more  feet 
igh.  The  handsome,  clustered  flowers  and  fruit  ought  to 
ive  it  more  extended  use  in  ornamenting  the  home 
rounds.  From  the  fruit  may  be  made  a  superior  jelly, 
specially  when  mixed  with  other  native  fruits  such  as  the 
larbcrry  or  Buffalo  Berry. 


Apple   Family. 

{Poinace<e) 
Of  the  several  genera  in  this  family  we  need  to  notice 
ut  two.     These  in  common  with  the  others  have  a  fleshy 
uit  formed  by  the  thickened  calyx  tube  which  encloses 
jc  seed  vessels. 
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13.  HAW. 

(Cratte^us) 

"  Givs  aot  die  hawthorn  bujh  A  awener  ^udc 

To  thephmU.  looking  OD  ihdr  filly  ahccp. 

Thin  d«h  a  rich  cmbnwkrnl  canopy 

To  kingi,  Ihal  fcar  Ibeir  jubjecu  >j™clKty."-//™r^  r/. 

The  Maw,  or  Hawthorn  as  it  is  often  called,  includes 
several  species  of  small  trees,  mostly  with  short,  well 
formed  trunks,  a  rounded  bushy  top  and  more  or  less 
thorny  or  spiny  branches.  The  small,  edible,  apple-like 
fruit  with  its  large,  bony  seeds  well  distinguishes  this 
genus. 

(1)  BLAOE  HAW. 

(Cr«/.fi'«j  Do„s!«!ii  rhml^rh  Sargenl) 

Description. — Lcitcs  njr 
rowly  Is  broadly  ovate,  irreg- 
ularly sharply  loolheil,  in(>s1lY 
(jrcen  an  J  sniuiith  above,  pa  In 
Iwnenlh:  fruit  black«heti  rift, 
abuul  ^  of  an  inch  in  diamctci: 

less)  in  lenglh. 

Asmalltrceof  fine  ap- 
pearance, well  worthy 
of  cultivation.  Its 
wealth  of  flowers  in 
May  or  June,  accord- 
ing to  altitude,  and  its 
abundant  clusters  ol 
fruit  which  remain  on 
the  tree  for  a  long  time 
make  it  an  object  of 
much  interest.  There 
are  two  forms  of  this 
XXV    iiia^k  H-..  in  the  state  which  dif- 

fer slightly  in  leaf  form  but  prbably  in  no  essential  charac- 
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ter.      It  occurs  on  most  of  the  larger  streams  of  the  state, 

and  may  be  at  once  separated  from  the  next  by  its  black 

fruit. 

(2)  L0NG8PINE  HAW. 

[Crataegus  niacracantha  (Lindl.)  Loud.) 

Description. — Leaves  sharply  double-toothed,  dark  green,  smooth  above, 
slightly  hairy  on  the  veins  beneath:  calyx  glandular:  fruit  globose,  about 
y^  of  an  inch,  in  diameter,  red  when  ripe. 

This  species  is  more  shrub-like  and  with  more  strag- 
ling  branches  but  it  is  equally  desirable  for  home  planting. 
Its  wealth  of  white  blossoms  and  its  red  fruit  make  it  an 
attractive  shrub  or  tree.  While  the  fruit  has  no  great 
value  yet  of  the  two  this  is  probably  superior  to  that  of 
the  preceding.^  This  species  is  not  known  to  the  writer 
as  occurring  in  this  state  outside  of  Crook  county  but  it 
probably  exists  elsewhere  aNo. 


14.  SERVIGEBERRY. 

{A  melanchier) 

"  The  shad-bush,  white  with  flowers, 
Brightened  the  glens." — Bryant. 

This  is  the  name  given  to  a  few  species  of  shrubs  and 
small  trees  belonging  mostly  to  North  America,  and  vari- 
ously known  as  Juneberry,  *  sarvice  '  berry,  and  shad-bush. 
It  generally  occurs  in  broken,  hilty  country  and  produces 
an  abundance  of  edible,  berry-like  fruits.  The  species  given 
below  is  common  throughout  the  Rockies  and  is  the  only 
one  that  becomes  a  tree  in  this  state,  and  that  rarely, 
though  it  is  abundant  as  a  shrub. 

(1)  WESTERN  SEBVIOEBEBET. 

[Amelanchier  alnifotia  Nutt.) 

Description. — Leaves  thick,  rounded  or  elliptic,  toothed  around  the  up- 
per half  only:  flowers  in  clusters  (racemes),  white,  appearing  before  or  with 
the  leaves:  fruit  purple  or  nearly  black  when  mature,  %  ^^  Yi  inches  in  di- 
ameter. 
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15.  SILVER  BERRY. 

{EUeagnus  argentea  Pursh. ) 
3e  script  ion. - 


ccurs  in  the  northern  and  west- 
tly  on  the  bluffs  and  ridges  ad- 
not  common  but  may  have  a 
1  yet  been  shown.  Its  perfectly 
as  to  color,  makes  it  of  much 


ALO  BERRY. 

entea  (Nutt.)  Greene) 

Description.— Leaves  oblimg.  i>l> 
tuse.  silvery  on  lioth  tildes:  fruil  a  siiiati, 
oval  berry,  bright  scnrlet  *hen  ri]ie, 
highly  acid,  edible:     branches  s|)iny. 

This  well  known  shrub 
occurs  in  many  parts  of  the 
state, on  the  stream  banks.  Its 
silvery  leaves  and  its  profu- 
sion of  small,  scarlet  berries 
give  it  a  conspicuous  beauty 
all  its  own.  The  fruit.s  are 
largely  gathered  for  the  excel- 
lent jams  and  jellies  that  can 
be  made  from  them.  Screens 
and  hedges  of  this  useful  shrub 
can  be  used  to  advantage  by 
the  landscape  gardener  on 
either  home  or  public  grounds. 
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Brassica  28:83;  31:310. 
Brickellia  28:119. 
Bromus  28:196. 
Bmnella  28:167. 
Bryanthus  28:147. 
Bryum  28:201. 
Buchloe  28:193. 

Buckeye  Oatmeal,  analysis  of  38:76, 
77,  80. 


Buffalo  Bur  31:298,  308. 
Bull  ThisUe  31:292,  308. 
Bupleurum  28:115. 
Bur  Grass  31:309. 

Cactus  28:114. 

Cactaceae  28:114. 

Calamagrostis  28:192. 

Calandrina  28:88. 

Callitriche  28:110. 

Calochortus  28:183. 

Caltha  28:78. 

Calypso  28:181. 

Camelina  31:308. 

Caonpanula  28:147. 

Campanulaceae  28:147. 

Camps,  see  Collecting  localities. 

Canada  Thistle  31:289,  308. 

Caprifoliaceae  28:118. 

Capsella  28:84;  31:310. 

Cardamine  28:81. 

Carduus  31:308. 

Carex  28:187. 

Carum  28:116. 

Caryophyllaceae  28:86. 

Castilleia  28:163. 

Catabrosa  28:194. 

Ceanothus  28:91. 

Celastraceae  28:91. 

Cenchrus  31:309;  28:190. 

Cerastium  28:86. 

Ceratodon  28:200. 

Cercocarpus  28:101. 

CEREAL  FOODS,  COMPOSITION  OP 

33. 
Cerealine,  analysis  33:76,  77,  78. 
Cereus  28:115. 
Chaenactis  28:134. 
Chara  28:202. 
Chamaerhodos  28:105. 
Chart,moisture  content  of  soils  8S:18S. 
Soil  texture  86:182. 


10 


Wyoming  Experiment  Station. 


CheilaDtbes  US:  199. 
Cbemlcal  Analysis  of  Wyoming  Soils 
35:176. 

Laramie  Experiment  Farm  36:178. 

Lander  Experiment  Farm  3S:178. 

Suerldan  Experiment  Farm  3S:177. 

Sundance  Experiment  Farm  35:177. 

Wheatland  Experiment  Farm  US:  176. 
Chenopodiaceae  as :  170. 
Chenopodlum  31:309;  28:170. 
Gberrlee  at  Lander  34:111. 
Cberrlee  at  Sheridan  34:129. 

at  Sundance  34:142. 

at  Wheatland  34:147. 
Cherry,      Dwarf      Rocky      HountalD 
34:13S;  3S:Z2. 

Early  Richmond  34:117. 

Intorka  34:147. 

Morello  34:147. 

Oathelm  34:14S. 

Rocky  Mountain  34:148. 
Ctalmapblta  28:148. 
ChrysopBls  ^8:120. 
Cicuta  28:116. 
Clarkla28:llL 
GlasBea  of  Weeds  3t:37t. 
Claydonla  28:203. 
Claytonia  28:88. 
Clematis  28:75. 
Cleome  28:84;  31:310. 
CHmaclum  28:201. 
Climate,  general  phenomena  of  2T:6. 

tor  June.  July  and  August  27:S. 
CnlcuB  28:143. 
Cockle  31:286.  308. 
Cockle  Bur  31:309. 
Coldenla  28:156. 
Collecting  Localities  28:C>3,  72. 
Collecting  Tripe  28:48. 
ColUnsia  28:162. 
Cornaceae  28:118. 
Comandra  28:176. 


Commellnaceae  28:184. 

Common  Crab  Grass  31:3C 

CompoelUe  28:118. 

COMPOSITION  OF  PRBPJ* 
EAL  FOODS  33. 

Conlterae  28:197. 

Conyolvulaceae  28:159. 

LonvolvuIuB  28:159;  81:3 

Capparldaceae  28:84. 

Cordylantbus  28:164. 

Lorn  foods,  analysis  of  33: 

Cormack's      Nudavene,      a 
83:76,  77.  80. 

Cornua  28:118. 

Corrections  28: 4&,  205. 

CorydallB  28:80. 

Craesulaceae  28:110. 

Crataegus  28:106. 

Creple  28:143. 

Cricket  Utah  32:13. 

Croton  28:177. 

CrucKerae  28:80. 

Cryptogramme  28:199. 

Cryptogams  28:178. 

CupuUferae  28:178. 

Currants,  Black  Naples  34 
Crandall  84:150. 
Culture  of  34:  SS. 
Holland  34:117. 
T.«e'B  Proline  34:160.  ill 
Red  Cherry  34:150,  117. 
varieties  at  Lander  34:11 
varieties  at  Laramie  34: 
Tsrletles  at  Sbertdan  34: 
varieties  at  Wheatland  3' 
Wblte  Grwe  34:117,  149. 

Crops  for  Alkali  soils  39:! 

Cuscuta  28:160;  31;S0». 

Cycloloma  28:170. 

CymopteruB  28:116. 

Cyperaceae  2S:1S6. 

CyetoperlB  28:200. 
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Daiea  28:95. 
Dandelion  31:306,  308. 
Danthonia  28:193. 
Delphinium  28:79;  81:310. 
Deschampsia  28:102. 
Desmatodon  28:200  . 
Determination  of  moisture  in  the  soil 
of  Laramie  Experiment  Farm  for 
year  1897  35:184. 
Dewberries,  culture  34:95. 

LfUcretia  34:130.  • 

Mammoth  34:130. 

varieties  at  Lander  34:115,  116. 

varieties  at  Laramie  34:102. 

Dew-point  Laramie  1895  27:20. 
Disporum  28:184. 
Distichlis  28:194. 
Dock  31:308. 
Dodder  31:309. 
Dodecatheon  28:149. 
Doryphora  decemlineata  32:12. 
Dou^rlas  and  Stuart's  Rolled  Oats,  an- 
alysis of  33:76,  77.  81. 

Draba  28:82. 
Dracocephalum  28:167. 
Dyaodia  28:136. 

Eatonia  28:196. 
ESchinocactus  28:114. 
Echinospermum  28:166;  31:810. 
Elaeasnaceae  28:176. 
Elaegnus  28:176. 
Eleocharis  28:186. 
ElliBia  28:155. 
Elodia  28:181. 
Elyxnus  28:197. 
Equis^taceae  28:199. 
Equisetum  28:199. 
Erasrostis  28:194. 
Ericaceae  28:147. 
Eris^eron  28:129. 
Eriogonum  28:172. 


Eriophorum  28:187. 

Eriophyllum  28:135. 

Errata  28:45,  205. 

Erysimum  28:83. 

Erysiphe  28:203. 

Erythronium  28:183. 

euphorbia  28:177. 

Euphorbiaceae  28:177. 

iiiurotia  28:171. 

Evaporation  at  Laramie  1895  27:15. 

Evernia  28:203. 

Evolution  of  Weeds  31:269. 

Evolvulus  28:159. 

Explanations  28:71. 

Fake  Flax  31:308. 
X  arina,  analysis  of  33:76,  77,  79. 
Farinose,  analysis  of  33,  76,  77,  79. 
Feeding  Ewes  30:262. 
Feeding  Sheep  30:261. 
Feeding  Steers  30:257. 
Fertilizers,   bone  meal  with  potatoes 
32:9. 

for  potatoes  32:9. 

green  manuring  for  potatoes  32:11. 
Festuca  28:196. 
l<ilago  28:13L 
Filices  28:199. 
Floral  Calendar  28:67. 
Flora  of  the  Foothills  28:62. 
Floras  of  the  Pacific  and  the  Atlantic 
Slopes,  the  28:65. 

FLORA  OF  WYOMING  28. 

FOODS:     COMPOSITION     OF     PRE- 
PARED CEREAL  3;^. 

l^ragaria  28:102. 

Franseria  28:132;    3l:808. 

Frasera  28:152. 

Fraxinus  28:150. 

Fritillaria  28:183. 

FRUIT  GROWING  IN  WYOMING  34. 


Wyoming  Experiment  Station. 


Fruit  culture  34:8S. 

experlmentB  34:  S5. 

growers  In  Albany  County  84:103- 
106. 

growera  in  Big  Horn  County  34;154, 

growers  In  Carbon  County  34:156. 

growers  In  Converae  County  34:154. 

growers  In  Crook  County  34:143. 

growers  In  Fremont  County  34:134. 

growers  in  Laramie  County  84:162. 

growers  In  Natrona  Countr  84:164. 

growers  In  Sheridan  County  34:137. 

notes  on  Laramie  Plains  34:137. 
Fruit  raising,  experience  ol  G.  W.  Bar- 
low 34:137. 

exi>erlence  of  J.  M.  Carey  84:162. 

experience  of  J.  N.  Gordon  34:153. 

experience  of  Mr.  Lund  84:104. 

experience  of  0.  H.  Manning  34:139. 

experience  of  J.  S.  Meyer  34: 124. 

experience  of  J.  C.  Morgan  34:166. 

experience  of  J,  H.  Taylor  34:164. 

experience  of  Edward  Toung  34: 126. 
Fruits  at  Lander  34:106.  107. 
Fruits,  bardy  varieties  for  Wyoming 
34:167. 

Irrigation  of  34:98. 

at  Laramie  84:101. 

at  Sheridan  84:127. 

at  Sundance  34:141. 

at  Wheatland  34:144. 
Fruits,  small  34:94. 

small  at  Sundance  34:142. 

email  at  Wheatland  84:149. 
I  rult  trees,  distance  apart  34: 91. 

eastern  vs.  western  34:103. 

fall  Irrigation  of  34:99. 

winter  protection  34:92. 
Fuel  value  of  foods  33:74. 
Fumariaceae  28:80. 
Fungi  28:202. 


Oaillardla  28:136. 
Galium  28:119. 
Gaura  28:113. 
Qayophytmn  28:111. 
General  Phenomena  of  Clin 
Genera,  Index  to  28:216. 
Gentlana  28:161. 
Gentlanaceae  28:161. 
Geraniaceae  28:90. 
Geranium  28:90. 
Germadc,  analysis  of  33:7( 
Geum  28:101. 
GiIlaU8:163. 
Glaus  28:150. 
Olutena  Food,  analysis  o(  3 
Glycerla  28:196. 
Glycerrblza  28:99;  31:310 
Gnaphallum  28:132. 
Golden  Sheaf  Wheat  Flab 

of  33:76.  77,  81. 
Gooseberries,  culture  of  34 

Downing  34:160,  117. 

Golden  Prollflc  34:118. 

Houghton  34:118,  160. 

Industry  34:118. 

Smith's  84:118. 

varieties  at  Laramie  84: 

varieties  at  Sheridan  34 

varieties  at  Wheatland  3 
Goose  Grass  81 :  310. 
Gramlneae  28:189. 
Grain  rust  In  tbln  and  thi 
37:223. 

stool  Ing  expert  mentB  37 

Btooling  of  37:207. 
Grains,  effecte  of  altitude 
o(  87:230. 

effects  of  Irrigation  on 
37:S33. 

practical  hints  on  growli 

Btooling  of,  summary  ol 
the  37:209. 
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Grapes  at  Lander  84:112. 

at  Sheridan  34:^29. 

Brighton  34:114. 

Concord  34:113. 

culture  of  34:96. 

Delaware  34:114. 

Green  Mountain  34:115. 

Martha  34:114. 

Moore's  Diamond  34:114. 

Wyoming  Red  34:113. 
Great  Ragweed  31:309. 
Green  Foxtail  31:309. 
Grindelia  128:120;  31:310. 
Gutierrezia  28:120. 
Gymnolomia  28:133. 
Gum  Plant  31:310. 

Habenaria  28:181. 

Halorageae  28:110. 

Harbouria  28:116. 

Hardiness  of  Native  Plants  28:67. 

Hornby's  Oatmeal,  analysis  of  33:76, 

77.  79. 
Hedeoma  28:166. 
Hedge  Bindweed  31:809. 
Hedysarum  28:99. 
Helenium  28:186. 
Helianthus  28:183;  31:809. 
Heracleum  28:117. 
Heuchera  28:107. 
Hieraeium  28:144. 
Hierochloa  28:190. 
Hippuris  28:110. 
Hordeum  28:197;  31:808. 
Horticulture  in  Wyoming  34:86. 
Humidity,  relative,  Laramie  27:20. 
Hamulus  28:177. 
Hydrocharitaceae  28:181. 
Hydrophyllaceae  28:165. 
Hydrophyllum  28:165. 
Hymenopappus  28:185. 
Hypericaceae  28:89. 


Hypericum  28:89. 
Hypnum  28:201. 

Illecebraceae  28:169. 
Illustrations — 
Alfalfa  in  Alkali  29:249. 
Apples,  Antonovka  34:140. 
Apples,  Oldenburg  34:124,  152. 
Apples,  Wealthy  34:140,  85,  93. 
Apple    Tree,    Wealthy,    in    bearing 

34:126. 
Apple  Trees,  Ben  Davis  84:110. 
Apricot  Tree  34:146. 
Apricots,  Glbb  84:152. 
Barley  in  Alkali  29:241. 
Barley,  Manshury  from  fifty  seeds 

37:212. 
Black'berrles,  Crystal  White  84:116. 

five  varieties  34:116. 
Briar  Sweet  Crab  in  bearing  34:108. 
Buffalo  Bur  31:299. 
Bull  Thistle  31:293. 
Bull  Thistle,  second  year  31:294. 
Canada  Thistle  3 1 :  290. 
Canada  Thistle  31:291. 
Cherry,     Dwarf     Rocky     Mountain 

34:138. 

English  Morello  in  bearing  34:148. 
Chili  Wheat  from  fifty  seeds  37:207. 
Cockle  31:287. 

Common  Tumble  Weed  81:305. 
Crab  Trees,  General  Grant  84:128. 
,  Crab  Trees,  Siberian  84:104. 
Currants,  Crandall  84:142,  150. 
Currants,  White  Grape  84:102,  104. 
Currants,  Red  Cherry  84:88,  101. 
Dewberries  34:116. 
Grape,  Brighton  84:114. 

Concord  34:11«. 

Delaware  84:114. 

Martha  34:114. 

Moore's  Diamond  34:114. 
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Illustrations — 
Grapes,  native  34;  97. 

\.yomlng  Red  34;114. 
OooBeberry,   Downing   34:118. 

InduBtry  34:130. 
Low  Amaranth  31:304. 
OatB  In  Alkali  29:245. 
Orchard  at  Wheatland  34:144. 
Orchard  of  James  Cantlln  34:1GE. 
Perennial  Fraaeerla  31:802. 
Potato  plat  82:48. 
Potatoes,  varieties  32:48. 
Poverty  Weed  31:301. 
Prickly  Lettuce  31:297. 
Raspberries  34:118,  132. 
Russian  Thistle  31:266. 
Russian      Thistle,      detail      Bgurei 

31:279. 
Russian  Thistle,  usual  fopin  31:282. 
Rye  tn  Alkali  29:242. 
Slberrian  Crab  Tree  34:104. 
Squirrel  Tall  Qrass  31:284. 
Strawberries  34:122. 
Strawberry,  Bidwell  34:122. 

CapUIn  Jack  34:122. 

Charles  Downing  34:106. 

Edgar  Queen  34:120. 

Jessie  34:122. 
Strawberry  t>ed  (new)  34:134. 
Turnips  In  alkali  29:288. 
Vineyard  at  L«nder  34:112. 
Wheat  m  Alkali  29:248. 
Wlneberry,  Japanese  34:114. 
Wlneberry,  Japanese  34:121. 
INDEX  BULLETIN  A. 
Instruments,  iMeterologlca]  used  at  Bx- 

perlment  Station  27:7. 
Maximum  and  minimum  thermome- 
ters 27:14. 
Quardruple  Register  27:10. 
Introduced  plants  28:66. 


Ipomea  28:159. 
Irldaceae  28:182. 
Iris  28:182. 

Irrigation,  effects  on   Bi 
236. 

effccu  on  Oate  37:236, 

effects  on  stool Ing  of  G 

elTectfl  on  Wheat  37:23 

of  ii-ruita  84:98. 

of  potatoes  32:32. 

sub  34:100. 

water,  kinds  of  Alkali  I 
Insects  on  Potatoes  32:  li 
Iva  28:132;    31:310,  301 

Jamesla  28:108. 
Japanese  Wlneberry  34: 
Juncaceae  28:184. 
JuncuB  28:184. 
Junlperua  28:198. 

Kalmla  28:148. 
Koelerla  28:194. 
Krynltzkla  28:156. 
Kuhnla  28:119. 

Labiatae  28:166. 
Lactuca  28:146;  31:808. 
Lamb  feeding  30:262. 
Lambs'  Quariers  81:309. 
Laramie  Farm,  altitude  : 
Laramie  table  of  weather 

27:20. 
Lathyrus  28:100. 
Legumlnosae  28:92. 
Lepachys  28:133. 
^pldlum  28:84:  81:310. 
Leptobryum  28:201. 
Lesquerella  28:82. 
Leucocrimim  28:182. 
LewlBia  28:89. 
Llatrls  28:120. 
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nea  28:203. 

Meteorological  notes  1891-6  2T:28. 

tfcum  28:116. 

Lander  1891-96  2T:29. 

ceae  28:182. 

Laramie  27:23. 

ceae  28:90. 

Evaporation  27:26. 

m  28:90;  31:809. 

FroBte  27:3L 

a  28:166. 

General  summary  lor  past  flve  year* 

ra  28:181. 

27:30. 

Mpermum  28:159. 

Precipitation  27:27,  31. 

aceae  28:113. 

Temperature  27:24. 

cera  28:118. 

Terreatriai  Radiation  27:27. 

anthua  28:187. 

Wind  27:27. 

nthaceae  28:176. 

Saratoga  2T:31. 

Due  28:92. 

General  summary  for  (our  years  ST; 

a28:18B. 

32. 

PD8  28:166. 

Precipitation  27:83. 

deaima  28:146;  31:308. 

Sheridan  27:33. 
FroatB  27:86. 

a  28:134. 

General  summary  last  four  years  and 

3W  31:309. 
aceae  28:89. 
aBtrum  31:809,  28:89. 
hantia  28:202. 
hantlaceae  28:202. 

a  half  27:84. 
Precipitation  27:36. 
Sundance  27:36. 
FroBte  27:38. 
General  eummary  for  paat  four  years 

h  Elder  31:310. 

HANICAL        ANALYSIS       AND 

VATBR   CONTENT   OP   WTOM- 

Na  SOILS  .3B. 

antcftl  analyalB  of  Mils  33:160. 

ST:  36. 
Precipitation  27:38. 
Wheatland  27:38. 
FroBta  37:41. 
General  summary  for  past  (our  years 

S7:39. 

'xso  28:93. 

Precipitation  27:40. 

mpsora  28:203. 
a.  28:194. 

Hlmulua  28:162. 
Mltella  28:107. 

otuB  28:93. 

DtuB  alba  on  alhall  soli  29:251. 

Mnium  28:201. 
Monarda  28:166. 

ha  :iE8:166. 
Eelia  2,*:113 
nsla  28:153. 

Moneses  28:148. 
MoHolepla  S8:170. 
MoJBotropa  28:148. 

EX>ROLOGY,      FOR      1895 

AND 

Mofiotropaceae  28:148. 

OTES      ON      CLIMATE 

FROM 

Monthly  range  of  temperature  27:18, 

B91-96  2T. 

Mountain  Flora  a(*:63. 

jroloey.    Mlacellaneoua    obwrva- 

MuhlenberglB  28:190. 

ons,  Laramte,  1896  2T:22. 

Munroa  28:193. 
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MuBcl  S8:200. 
MuBenium  28:115. 
Myosotla  2S:169. 
MyrloptiyUum  28:110. 

Naladaceae  28:186. 
Nasturtium  28:S0. 
Isature  of  weeds  31:267. 
NegUQdo  28:91. 
New  species  28:206. 
Nomenclature  and  citations  28:69. 
Noilousness  of  weeds  31:270. 
Nuphar  28:80. 
NympSaeaceae  28:80. 

Oats  analysis  of  33:76-81. 

dormant  in  presence  of  alkali  29 
236. 

effects  of  Blfeall  on  germination  28 
234. 

effects  of  alkali  on  growth  29:24G. 

effects  of  altitude  on  37:232-288. 

effects  of  Irrigation  on  37:286-236. 

seed   per  acre  37:210. 

seed  per  acre  at  Laramie  37:218. 

seed  per  acre  at  Sheridan  37:226. 

stooling  at  Lander  37:21S. 

fltooling  at  Laramie  37:il6. 

stooling  at  Sheridan  37:221-222. 

Btooling  at  Sundance  37:225. 

stooling  at  Wheatland  3T:226. 

tillering  and  yields  in  different  local- 
ities 37:228. 
Observers  27:16. 
Oenothera  28:112. 
Oleaceae  28:150. 
Onagraceae  28:110. 
Onosmondium  28:Iu9. 
Opuntla  28:116. 
Orchard,  the  34:90. 
Orchards  cultivation  of  34:92. 
Orcbidaceae  28:181. 


Oreoils  28:117. 
Orobanchaceae  28:166. 
Orthocarpus  28:164. 
Oryzopsls  28:190. 
Osmorrhlza  28:116. 
OxallB  28:90. 
Oxybaphus  28:168. 
Oiyrla  28:175. 
Oxytropts  28:  98,  31:310 

Pachysttma  28:91. 

Panicum  ^S:1S9,  31:309. 

Papaveraceae  28:80. 

Parletaria  28:^78. 

Paris  green  for  potato  be- 

Partnella  2f»:203. 

Pamassia  28:107. 

Paronychia  28:169. 

Pany,  The  28:60. 

Pastinaca  2ti:117. 

Peas,  varieties  at  lender 
varieties  at  Sheridan  3' 
varieties  at  Sundance  3' 
varieties  at  Wheatland  ; 

Pedlciiiarls  28:166. 

Peltigera  28:203. 

Pentstemon  28:161. 

Pepper  grass  13:310.' 

Perennial  ragweed  31:310 
Perrennlal  FVanseria  31:3 
I  Permanency  of  weeds  31 :! 
Petalostemon  28:96. 
Petasltes  28:139. 
iPeucedanum  28:117, 
Pettljohn's  Breakfast  Food 

33:76.  77,  79. 
Phacelia  28:166. 
Phalaris  28:190. 
Phitonotis  28:200. 
Phleum  28:191. 
Phlox  28:152. 
Phragmidlum  28:203. 


Tndew  BuUetin  B. 


Ites  28:194. 

I  28:160. 

1  28:  g2. 

rpuB  28 :  101. 

eela  28:167. 

*:lfl7. 

8  31:303.  3(>8. 

3:197. 

lora,  1^6  28:60. 

naceae  28:167. 

>  28:167,  31:310. 

let  of  2S. 

r's  report  28:20S. 

Qt'a  expedition  ^£8:207. 
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i  hereby  submit  the  tenth  annual  report  of  the  College 
[  Agriculture  of  Wyoming,  in  compliance  with  enactment  of 
ongress.  Following  this  report  is  a  paper  written  by  our 
lemist.  Professor  Edwin  E-  Slosson,  and  Mr.  R.  B.  Moutiy,  of 
ist  year's  senior  class,  on  The  Cement  Plaster  of  Laramie. 
his  will  be  found  an  interesting  monograph  on  a  growing 
>me  industry.  * 

INCEPTION  OP  THE  COLLEQE. 
The  first  president  of  the  university  of  Wyoming,  when 
nstnicting  the  various  courses  of  the  institution,  in  accord- 
ce  with  the  act  of  incorporation,  planned  for  distinct  schools 
agrictdture  and  mechanic  arts.  These  departments  did  not 
tain  much  growth  until  1891. 

On  theioth  of  January  of  that  year  they  were  organized 
o  separate  colleges  by  an  act  of  the  legislature  of  Wyoming, 
ich  vested  the  control  of  the  appropriations  from  the  Morrill 
t  of  Congress  in  the  Board  of  Trustees  of  the  Slate  univer- 
,-.  The  Morrill  Act,  approved  .-Vugnst  30,  1S90.  was  intend- 
to  grant  an  endowment  for  agricultural  and  mechanical 
leg'es  in  addition  to  that  obtained  by  a  land  grant  on  July  2, 

)2. 

PRESENT   MANAGEMENT   AND   COURSE. 
The    Board  of  Trustees,  whose  names  appear  on  a  pre* 
ing  pas's,  has  not  changed  since  the  last  report. 
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The  Faculty  of  the  College,  with  the  position  held 
member,  appears  on  another  page.  During  the  past 
only  change  in  the  Faculty  was  occasioned  by  the  resigr 
Professor  B.  C.  Biiffum,  M.  S.,  who  has  held  the  chair 
culture  and  horticulture  in  our  institution  for  the  p 
years.  He  has  been  honored  with  a  call  to  her  chair  of 
ture  by  bis  alma  mater,  the  Colorado  Agrictiltural  Coll< 
Collins,  Colorado. 

Whenever  a  consolidation  of  classes  has  been  poss 
professor  of  a  subject  has  been  employed  in  the  ColKgi 
eral  .\rts.  Thus  considerable  expense  has  been  save 
state  and  an  economical  management  effected. 

The  various  courses  in  agriculture  and  mechar 
giiieerirg  have  been  appended  to  this  part  of  the  rep 
will  be  found  to  present  as  high  a  standard  as  those  of : 
ilar  institution  in  the  country.  The  model  offered  by  t 
mittce  on  Courses  of  the  American  Association  of  Agr 
Colleges  and  Experiment  Stations  has  been  closely  fol 

EQUIPMENT. 

The  laboratory  facilities  of  the  Agricnltural  Col 
the  same  as  those  of  the  University  and  are  very  gooil 
branches  of  science;  the  comparatively  small  numbei 
dents  in  the  higher  classes  gives  opportunities  for  per 
tention  from  instructors  and  the  use  of  better  appara 
in  most  large  institutions. 

Thk  Physical  Labor.worv  is  fitted  with  water, 
electricity,  and  accommodates  students  in  sections  of 
four  at  once.  The  method  of  conducting  the  laboraK 
in  elementary  classes  is  that  which  is  sometimes  know 
"collective  system."  Under  this  method  all  are  engagt 
same  experiment  at  the  same  time,  thus  allowing  the  t 
instruct  the  whole  class  at  once  on  difhcult  points, 
leaving  him  free  to  devote  the  greater  portion  of  hi; 
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issisting  those  who  need  particular  attention.  Kach  elenientan 
student  performs  a  series  of  experiments  in  accurate  measure- 
nents  and  weights ;  ■  friction  machines,  and  composition  of 
forces ;  properties  of  matter ;  the  pendulum ;  heat ;  magnetism ; 
electricity,  testing  of  resistance  and  making  of  cells,  etc.  Ad- 
vanced students  have  the  use  of  accurate  instruments  for  elec- 
rical  measurements,  motor,  dynamo,  and  statical  electrical  ma- 
hines.  X-ray  apparatus,  phonograph,  telephone^,  electrica' 
leater,  siren,  etc.  The  field  work  in  surveying  included  in  this 
lepartment  covers  the  use  of  the  Wye-level,  compass,  transit, 
nd  solar  attachment. 

The  Geological  Laboratory  contains  facilities  for  study- 
\g  mineralt^y,  geology,  and  paleontology.  Students  of  min- 
ralogrj'  determine  in  the  first  term  some  fifty  minerals  with  the 
low-pipe  and  familiarize  themselves  with  two  hundred  more. 
or  advanced  students  in  mineralogy  there  are  two  petrt^aph- 
al  microscopes,  with  rock  sections  and  instruments  for  pre- 
iring  the  sections.  The  collection  of  rock  specimens  for  class 
«  now  numbers  six  hundred.  The  opportunities  for  field 
irfc  in  geology  are  fully  described  Jn  the  department  state- 
;nt.  The  paleontological  collection  is  being  rapidly  enlarged 
>m  Wyoming  fields  and  already  affords  ample  material  for 
igfinal  work. 

The  Chemical  Laboratory  has  locked  desks,  provided 
:h  ga.s  and  water,  for  thirty-six  students.  Elementary  stu- 
its  perform  about  one  hundred  experiments,  many  of  them 
intitative,  and  then  make  complete  qualitative  analysis  of 
;nty  mixtures.  Advanced  students  have  all  necessarj-  appa- 
As  for  difficult  organic  and  inorganic  preparations,  quantita- 
;  analysis,  including  organic,  gas,  sugar,  and  electrolytic 
Ivsis,  and  determination  of  heat  of  combusion  with  the  bomb 
(rimeter. 
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The  Biological  Laboratory  is  provided  with  sii 
iter,  excellent  compound  and  dissecting  microscopes 
nes,  turntables,  waterbaths,  charts,  mod.  Is,  photc^;Ta 
rmtus,  and  the  necessary  appliances  £or  bactniott^ic 
The  Machtne  Shops  are  rim  as  nearly  as  posslbl 
<pond  with  actual  manufacturing  establishments. 
x)d  room  each  student  has  his  own  chest  of  tools  f( 
>rk  and  has  the  use  of  turning  lathes,  pattern  make 
•s,  mortising  machine,  pony  planer,  short  jointer,  boi 
ine,  band  saw,  scroll  saw.  variety  wood  worker,  and 
w  with  two  cross  cut  and  two  rip  saws.  The  iron 
avided  with  a  24  inch  x  24  inch  x  6  foot  planer,  a  25  ii 
ared  (Mjwer  feed  drill  press,  a  universal  milling  ma 

inch  X  6  foot  engine  lathe,  a  16  inch  x  6  foot  engine 
wer  back  saw,  a  twist  drill  grinder,  a  power  pipe-tl 
ichine,  a  14  inch  sensitive  drill,  and  an  emery  grim 
o  14  inch  wheels.    The  foundry  contains  a  Whiting 

inch  outside  diameter  lined  down  to  a  23  inch,  whi 
pacity  of  melting  from  i  .000  to  2,000  pounds  of  iron 

is  also  provided  with  six  50  pound  ladles,  one  20 
lie,  core  oven,  flasks,  riddles,  bellows,  and  all  tools  r 

operate  a  first-class  foundry.     There  are  also  comj 
piping  tools  for  steam  fitting,  and  a  forge  for  sharpe 
npering.     Advanced  classes  have  the  use  of  an   .- 
lompson  Indicator  and  Arndt's  Econometer  with 
ce  indicator  cards  and  test  the  efficiency  of  boilers. 
MUSEUM. 
A  good  slart  has  been  made  on  an  Agricultural  I 
t  until  we  have  more  room  little  further  can  be  dot 

ection.  The  cases  are  large  and  built  of  substai 
ley  contain  a  collection  of  specimens  of  the  cultiva 
rl  wild  grasses  of  Wyoming.  With  the  collection  of 
•  seeds  of  each  in  neat  exhibit  bottles.    The  exhibi 
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chides  some  rare  seeds  from  Africa,  Japan,  and  other  foreign 
countries.  The  cereals  and  forage  crops  raised  on  the  Laramie 
npiiiii».m  ixm  CKCapy  one  case.  They  are  arranged  in  an 
irtistic  manner  and  contain  Iki^s  ot  grain  that  for  size  and  per- 
fection of  shape  are  rarely  surpassed.  The  exhihition  of  wild 
grasses  consists  of  a  portion  of  those  sent  to  the  World's  Fair 
in  1893,  which  received  the  award  of  a  medal  and  diploma. 
The  fruits  of  our  state  are  not  as  yet  represented,  but  some 
ivork  has  be«Ti  done  in  reproducing  the  frtfit  in  wax,  thus  mak- 
ng  it  possible  to  keep  them  on  exhibition  in  permanent  form. 

The  collection  contained  in  this  museum  is  instructive  to 
he  student  and  gives  the  stranger  a  good  idea  of  what  Wyo- 
ning  is  capable  of  in  agriculture. 

ROCKY   MOUNTAIN   HERBARIUM. 

We  have  by  all  odds  the  largest  and  most  representative 
ollection  of  Rocky  mountain  plants  to  be  found  anywhere.  On 
his  account  we  have  seen  fit  to  give  the  name  of  Rocky  Moun- 
ain  Herbarium  to  our  collection. 

The  Herbarium  now  contains  about  22,000  specimens.  It 
i  a  fair  working  collection  of  the  plants  of  the  Western  United 
•tates,  being  rich  in  those  of  the  Rocky  Mountains,  and  es- 
ecially  of  Wyoming.  A  steady  growth  is  maintained,  collec- 
ions  of  much  value  being  added  each  year.  It  represents  the 
ora  of  Wyoming  so  far  as  known  and  is  becoming  of  more 
nd  more  interest  to  students  who  desire  to  make  a  special 
;udy  of  the  plants  of  this  range,  especially  so  since  it  contains 
le  types  of  many  new  species  recently  described.  The  Her- 
irium  is  open  to  University  students  and  others  whose  previ- 
iis  training  is  such  as  to  enable  them  to  profit  by  its  use. 
NEW  BUILDINQ. 

A  new  building,  which  will  be  known  as  the  Hall  of  Sci- 
ice,  is  now  in  course  of  erection.  Only  the  central  or  main 
irt  will  be  erected  at  present:    for  the  building  has  been  so 
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•lanned  that  wings  may  be  added,  as  more  room  shall  t 
d.  The  portion  of  the  building  now  being  constructed 
lo  X  80  feet,  with  a  two-story  extension  on  the  rear,  a 
ost  $35,000. 

The  whole  lower  floor  wilt  be  occupied  by  the  musei 
/ith  the  ceiling  sixteen  feet  high  there  will  be  room  for  | 
.round  the  sides.  The  second  floor  of  the  building  wil 
oted  to  biology,  and  will  include  a  large  scientific  lab 
nd  class  room.  On  the  east  side  of  the  building,  openit 
he  second  floor,  there  will  be  a  lai^e  lecture  room  for 
f  the  professors  who  occupy  the  building.  This  will  ht 
a  amphitheater  style,  so  that  every  seat  will  have  a  go( 
if  the  demonstration  tables  and  the  experiments  per 
here.  This  lecture  room  will  seat  over  100  persons  a 
e  very  convenient  for  evening  entertainments.  The  thi 
kill  be  occupied  by  the  chemical  department,  and  will 
iboratories  for  students  in  elementary  and  analytical  ch 
nd  for  research  work  in  the  expeiiment  station.  Th 
/ill  be  well  lighted  and  ventilated,  and  there  will  be  i 
upply  furnished  by  a  tank  in  the  top  of  the  building.  Tl 
nd  floors  will  be  fire-proof. 

The  general  style  of  the  building  is  the  collegiate 
ie  material  used  is  the  same  gray  sandstone  as  in  ti 
uildings,  and  is  to  be  found  in  abundance  in  the  hi! 
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Departmental  Statements. 

The  following  is  a  detailed  report  of  each  department  of 
the  College  of  Agriculture : 

POLITICAL  SCIENCE. 

This  department  includes  civics,  public  law,  political  econ- 
omy, and  sociology.  Its  aim  has  been  to  cultivate  independent 
thought  and  foster  intelligent  citizenship.  After  the  origin 
and  growth  of  each  subject  has  been  investigated,  and  the  gene- 
ral principles  have  been  acquired,  the  student  is  required  to  ap- 
ply the  principles  thus  obtained  to  leading  problems  of  the  pres- 
ent day.  Debates,  public  and  private,  form  an  important  fea- 
ture of  the  courses.    The  following  subjects  are  offered : 

II.  Constitutional  Law.  Cooley;  Black.  Examination 
of  cases;  lectures  debates.     [Elective  for  agricultural  seniors.] 

III.  International  Law.  Walker;  Gallaudet;  Woolsey; 
Snow's  Cases.  Lectures;  debates;  theses.  [Elective  for  agri- 
cultural seniors.] 

IV.  Political  Economy.  Ely's  Introduction;  Walker; 
Marshal;  Gregory.  Lectures;  debates;  theses.  [Required 
of  agricultural  and  mechanical  seniors.] 

VII.  Comparative  Government.  Wilson's  The  State; 
Wenzel's  Comparative  View  of  Government;  Eagehot's  Eng- 
lish Constitution ;  Helie's  Les  Constitutions  de  France ;  Nicol- 
son's  Sketch  of  the  German  Constitution;  Brvce's  American 
Commonwealth.    Lectures;  theses.    [Elective  for  seniors.] 

SOCIAL  SCIENCE. 

The  aim  of  this  department  is  to  familiarize  students  with 
the  history  of  social  development  and  to  encourage  investiga- 
tion of  the  principles  on  which  social  progress  depends.    After 
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a  thorough  grounding  in  the  fundamental  facts,  the  stti 
expected  to  observe  the  social  phenomena  about  him 
study  the  various  problems  in  an  independent  manner, 
much  as  sociology  is  a  science  of  recent  birth,  and  its  t 
are  constantly  expanding,  much  of  the  class-work  con: 
lectures  and  theses.    The  following  subjects  are  offered 

I.  Principles  of  Sociology.  Small  and  Vincent 
dings;  Kidd's  Social  Evolution.  Lectures;  theses:  d 
I  Elective  for  agricultural  seniors.] 

II.  Social  Problems.  Study  of  crime,  suicide,  ir 
pauperism,  charities,  intemperance,  socialism,  educatic 
Discussions;  theses.  [Elective  for  agricultural  senioi 
have  taken  I  and  Philosophy  IV.] 

III.  Social  Philosophy.  Lectures  on  social  theori 
and  new,  and  on  the  aims  of  society.  Discussions: 
(Elective  for  agricultural  seniors  who  have  taken  I  and 

PHtLOSOPHY. 

The  work  of  this  department  is  intended  to  furnish 
qiiaintance  with  philpsophic  thought,  to  afford  a  trail 
the  methods  of  investigating  philosophic  phenomena, 
imbue  the  student  with  the  latest  methods  of  education 
cial  attention  is  given  to  physiological  psychology.  Th 
in  this  subject  is  illustrated  by  charts  and  models  of  th 
and  sense  organs  and  by  the  introduction  of  various 
nients.  In  teaching  logic  more  time  than  formerly  is  g 
inductive  reasoning,  as  a  perfect  knowledge  of  this  : 
especially'  lielpfii!  to  scientific  students  and  to  those  in 
to  do  research  work  in  philosophy. 

L  Psychology,  Introductory.  James's  Briefer  F 
ngy.  or  Titchener's  Outlines  of  Psychology.  Collaten 
ings.  The  purpose  of  this  course  is  to  give  the  student 
into  the  principal  psychological  conceptions  and  mctho 
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practice  in  simple  psychological  experimentation.     [Required 
af  agricultural  juniors.] 

II.  Psychology,  Advanced.  Investigation  of  special  top- 
ics. Reading,  observation,  experiment.  [Elective  for  those 
itudents  who  have  taken  I ;  winter  term ;  five  times  a  week.) 

III.  Logic.  Jevons-Hill's  Elements  of  Logic  as  text,  with 
Fowler,  Bain,  Sidgwick,  and  others  for  reference.  Treatment 
Df  the  proposition,  immediate  and  mediate  inference,  the  hy- 
lothesis,  arguments,  and  fallacies.  Special  attention  to  the 
jfinciples  and  methods  of  induction.  [Elective  for  agricultu- 
al  seniors.] 

IV.  Ethics.  Markenzie's  Manual  of  Ethics,  or  Muir- 
lead's  Elements  of  Ethics.  Lectures  and  discussions,  with 
eadings  from  Plato,  Aristotle,  Kant,  Mill,  Spencer,  and  oth- 
rs.  A  critical  examination  of  different  ethical  theories,  chiefly, 
ledonism,  ancient  and  modern  ;  Rigorism ;  and  Evolutionary 
Jtilitarianism.  [Elective  for  juniors  and  seniors;  spring 
:rm:  five  times  a^ week.] 

BIOLOQY. 

The  department  of  biology  as  at  present  organized  includes 
itany,  zoology  and  physiology. 

Even  in  the  introductory  courses  laboratory  work  is  made 
prominent  feature  in  order  that  from  the  first  students  may 
;come  self-reliant. 

The  equipment  of  the  department  has  been  adequate  to  the 
rmands  made  upon  it,  and  as  new  necessities  arise  in  connec- 
jn  with  the  several  courses,  they  will  be  supplied  as  far  as  po5- 
ile  from  the  resources  at  command. 

One  of  the  two  rooms  of  the  department  is  a  convenient 
:ture  room  having,  among  its  other  equipments,  a  lantern  with 
icroscope  attachment.  This  enables  the  instructor  to  illustrate 
I  the  screen  by  both  lantern  and  microscope  slides  the  subject 
ider  discussion. 
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The  laboratory  is  lar^e  and  well  lighted,  and  is  f 
h  working  tables,  desks,  and  all  necessary  apparati 
owing  subjects  are  offered: 

BOTANY. 

I,  II,  III.  General.  The  purpose  of  this  intn 
irse  is  to  give  a  general  view  of  the  entire  field.  T 
igresses  from  the  simplest  plants  to  the  more  sp 
ms.  The  first  and  second  terms  are  devoted  to  I 
ilogy  and  physiology  of  plants,  and  the  third  term  to 
'  and  classification  of  phanerogams.  (Required  of 
i)  freshmen.] 

IV,  V.  Histology  and  Physiology.  A  course  in  I 
I  experimental  physiology  of  the  higher  plants. 
h  a  consideration  of  some  of  the  special  problems 
reduction  and  morphologv.  [Elective  for  agricul 
rs.l 

VI.  Mycology.  Fungi  in  general,  but  with  sp 
tion  paid  to  those  of  economic  importance.  fEle< 
icultural  seniors.] 

ZOOLOGY. 

I,  II,  III.  General.  The  aim  is  to  acquaint  the 
h  the  main  facts  of  animal  structure,  physiology'  an 
tion,  by  means  of  lectures,  laboratory  work  on  t\-^ 
1  forms,  and  prescribed  reading.  It  is  a  prerequisite 
er  courses  in  Zoology.  [Required  of  agricultura 
res.] 

IV,  V.     Comparative  Anatomy  of  Vertebrates. 
he  principal  problems  connected  with  the  successivi 
ion  of  the  different  organs  in  the  several  classes  of 
ective  for  those  who  have  taken  I,  II.  and  III,] 

VI.  Microscopical  Anatomy.  Microscopical  tec 
[hods  of  investigation,  and  the  preparation  of  se< 
mal  vertebrate  tssnes.     [Elective  for  agricultural 
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PHYSIOLOGY. 

A  brief  course  in  Physiology,  with  special  reference  to  the 
unctions  and  hygiene  of  the  more  important  organs  of  the  hu- 
nan  body.  Only  so  much  of  anatomy  will  be  given  as  seems 
lecessary  for  the  comprehension  of  these  two  phases  of  tht 
iibject.  To  the  student  and  citizen  those  questions  which  per- 
ain  to  the  health  of  the  individual  and  the  community  are  of 
irime  importance.  These  as  related  to  home  and  municipal 
anitation  will  have  special  attention.  Lectures,  recitations, 
nd  laboratory  work,  [Required  of  agricultural  juniors;  win- 
;r  term.] 

AGRICULTURE. 
The  instruction  in  agriculture  aims  to  give  the  student 
le  greatest  possible  knowledge  of  the  science  of  agricultural 
ractice  in  the  time  given.  The  larger  part  of  the  instruction  is 
y  lectures.  Where  text-books  are  used,  they  are  supplemented 
V  lectures,  keeping  the  student  abreast  of  the  times. 

Up  to  the  senior  year,  as  often  as  the  other  work  will  per- 
it,  students  are  required  to  work  in  the  green-house  or  upon 
le  agricultural  grounds  or  experiment  farm  two  hours  each 
temoon.  As  far  as  possible,  the  work  is  made  to  illustrate 
e  branch  being  taught.  The  agricultural  museum  furnishes 
uterial  with  which  to  illustrate  the  study  of  farm  crops  and  the 
riciiltural  productions  of  the  world. 

In  the  work  upon  the  farm  and  the  instruction  in  the  class- 
\ym,  the  methods  and  results  of  the  experimenl  station  are 
ira\'S  before  the  student.  These  will  afford  him  much  general 
ormation  regarding  the  practice  of  agriculture  in  this  region, 
i  \vill  give  him  an  insight  into  the  way  by  which  important 
ts  are  deduced  from  the  mass  of  daily  observations  and 
es.     The  following  subjects  are  required : 

J,  History  of  Agriculture.  Taught  by  lectures  and  refer- 
e   books,  such  as  Goss's  Principles  of  Plant  Culture,  and 
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son's  How  Plants  Grow,  and  How  Plants  Feed, 
ne  of  the  history  of  agriculture,  followed  by  a 
;e  in  the  principles  of  plant  culitvation  and  grow 
;d  of  agricultural  sophomores.] 

II.  Soils,  Tillage,  and  Fertilisers.  Taught  by  lee 
ence  books,  such  as  King's  The  Soil,  and  Storer's 

[Required  of  agricultural  sophomores.] 

III.  Farm  Crops.  Lectures.  Planting,  irrigat 
ng,   and   marketing ;    laying  out  and   improvinj 

management  and  farm  accounts.  The  students 
include  setting  up  and  running  farm  machinery, 
rrigating  crops  properlv.  [Required  of  agricul:ii 
es.] 

IV.  V.  Breeds  of  Live  Stock.  Curtiss's  Breeds 
<,  Warfield's  Cattle  Breeding,  and  Miles'  Stock  1 
lemented  by  lectures  and  practice  in  judging  by 
s.     [Required  of  agricultural  juniors.] 

VI.  Slock  Feeding  and  Dairy  Management.  . 
e  Feeding,  Henry's  Cattle  Feeding,  and  lecturt 
d  of  agricultural  juniors.) 

HORTICULTURE. 

The  instruction  in  this  department  aims  to  give 
a  good  general  foundation  in  the  science  of  g< 
cultivvation,  fruit  raising,  landscape  and  orname 

ig.    During  the  spring  term  of  one  year,  two  hour 

y  work  each  week  in  the  multiplication  of  plants. 

ing,  and  making  cuttings,  are  required.     The  i 

'Cts  are  offered : 

I.     Plant  Forcing.     Study  of  green-houses  and 

>f  the  cultivation  and  propagation  of  vegetables  ; 

).     Lectures.     [Required  of  agricultural  juniors. 

[I.    Pomology.    Pruning,  grafting,  budding,  cutt 

irding.     Lectures.     [Required  of  agricultural  ju 
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III.  Landscape  and  Ornamental  Gardening.  Lectures. 
Elective  for  agricultural  seniors.] 

I\'.  Thesis  Work.  Pollination,  cross  fertilization,  varia- 
on,  or  other  advanced  subject.     [Elective  for  agricultural  se- 

iors.] 

ENTOMOLOQY. 

This  department  aims  to  give  the  student  an  insight  into 
isect  life,  and  to  afford  some  knowledge  of  economic  ento- 
lologj-  through  the  study  of  injurious  insects  and  the  means 
ir  their  extennination.    The  following  subjects  are  required : 

I.  Elementary.  Packard'^  Entomol<^y,  with  Comstock 
T  reference.     Lectures.     [Required  of  agricultural  juniors.] 

n.  Economic  Entomology.  Smith's  Economic  Entomol- 
^■,  supplemented  by  lectures.  [Required  of  agricultural  ju- 
ors.] 

IRRRIGATION. 

The  object  of  this  department  is  to  give  a  general  idea  of 
f  principles  of  irrigation  practice  and  water  measurement. 

I.  Principles.  Effects  of  water  on  soil  and  crops,  and 
asurement  of  water.  Wilson's  Irrigation  Engineering,  Lee- 
es.  reference  reading,  and  practical  work.  [Required  of  ag- 
ultural  juniors.] 

CHEMISTRV. 

The  work  of  all  courses  in  the  department  of  chemistry 
■xperimental  and  inductive  so  far  as  consistent  with  the  ac- 
rement  of  the  necessary  amount  of  general  information.  Stu- 
ts  are  from  the  first  encouraged  to  work  independently  on 
s  of  investigation  in  which  they  are  specially  interested. 

The  department  of  chemistry  occupies  four  rooms  in  the 
Eh  end  of  the  Hall  of  Language.  One  room  contains  the 
lytical  balances  and  the  chemical  reference  library,  the  sec- 
is  devoted  to  the  experimental  work  of  the  Wyoming  Agri- 
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Experiment  Station,  the  third  is  a  lecture  room 
nd  largest  room  is  fitted  up  for  the  classes  in  qi 
ntitative  analysis.  The  department  is  well  equ: 
1  and  analytical  work  in  organic  and  inorganic 
le  following  subjects  are  offered : 
I.  Elementary.  Storer  and  Lindsay.  The  aii 
s  to  give  students  a  knowledge  of  the  laws  of 
a  practical  familiarity  with  the  principal  elem 
ids,  and  skill  in  manipulation  of  apparatus.  [ 
ultura!  and  mechanical  sophomores.] 

Qu'alitalive  Analysis.  .Caldwell's  Qualitativ 
iidents  acquire  the  ability  to  detect  the  ordini 
;s  in  any  substance.  [Required  of  agricultural 
sophomores.] 

Quantitative  Analysis.  Caldwell  and  F 
simple  gravimetric  and  volumetric  detem 
e  for  students  who  have  taken  III.] 

Inorganic  Preparations.  Erdmann's  Anlei 
ung  chemischer  Prfiparate.  Preparation  of  a 
ult  compounds  and  elements.  [Open  to  stud 
ken  III;    spring  term;    laboratory  work  ten 

t.     Organic  Chemistry.    Remsen's  Organic  CI 
s  and  recitations  on  the  compounds  of  carbo 
if  agricultural  juniors;  fall  term;  five  times  a 
[I.      Organic    Preparations.      Gatterman; 
s  in  Organic  Chemistry.     [Open  to  students  i 

II:   winter  term:  laboratory  work  ten  hours 
Agriaiitural   Chemistry.     The  chemistr>- 

and  the  application  of  chemical  principles  to 
ure,  with  special  reference  to  the  problems  ol 

(Required  of  agricultural  juniors:  winter  t< 
ree  hours  and  laboratory  work  four  hours  a  w, 
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XII.  Applied  Chemistry.  Lectures  on  chemical  process- 
es ami  manufactures  not  included  in  metallurgy,  and  on  meth- 
ods of  analysis  and  control.  Most  attention  is  paid  to  subjects 
of  practical  importance  in  Wyoming;  such  as  petroleum  and 
its  products ;  coal,  gas,  and  coke ;  building  stone  and  cements ; 
alkalies  and  acids ;  I>eet  sugar ;  glass ;  air  and  water  supply. 
[Required  of  mechanical  juniors.] 

GEOLOGY. 

Most  of  the  instruction  in  this  department  is  given  by  lec- 
tures, but  text-books  are  used  for  reference,  together  with  the 
latest  geological  reports. 

The  location  of  the  Agricultural  College  is  exceptionally 
advantageous  for  the  study  of  geolc^'.  Only  a  few  miles  east, 
the  Laramie  mountains  rise  nearly  2,000  feet  above  the  campus, 
while  to  the  westward  the  Medicine  Bow  mountains  rise  5,000 
feet.  Both  of  these  mountain  ranges  are  minerahzed,  and  min- 
ing has  been  carried  on  for  many  years.  They  furnish  rich 
ields  for  the  student  of  structural  and  dynamical  geology,  as 
well  as  for  those  Avho  wish  to  study  almost  new  Archtean  ex- 
msures.  Flanking  these  ranges  are  Paleozoic,  Mesozoic,  and 
renozoic  rocks  that  have  been  exposed  by  the  motmtain  making 
ind  subsequent  erosion,  so  that  a  student  may  easily  make  him- 
elf  familiar  with  the  entire  series  of  Rocky  Mountain  sedi- 
nentary  rocks.  The  working  collections  of  rocks  and  fossils 
n  the  department  are  not  large,  but  are  well  selected  and  are 
icreasing  in  size  very  rapidly.  The  collection  of  Mesozoic  in- 
ertebrates  is  verj'  complete  and  the  collection  of  Jurassic  verte- 
rates  is  the  second  in  size  in  the  United  States.  To  those  who 
rish  to  study  economic  geologj-  special  inducements  can  be 
ffered.  since  ores  of  economic  value  are  numerous,  and  are 
ily  a  short  distance  away  from  the  university.  The  plains  are 
so  well  supplied  with  mines  of  coal  and  deposits  of  clay,  gyp- 
im  and  building  stones. 
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following  list  of  txxiks  is  used  for  reference  ; 
this  department:  Le  Conte,  Dana,  Geikie. 
pparent,  Tarr,  Zittel,  and  Nicholson  and  L\ 
iving  subjects  are  offered : 
lynamical  and  Structural.  Geolc^cal  forces 
»hich  stratified  rocks  are  found,  and  general  t 
:tures;  Le  Conle  and  Dana  as  texts.  [Reqi 
■al  juniors] 

Miiicralogical.  Elementary  study  of  niin-:ra 
iident  is  re(]uired  to  determine  fifty  species  of  i 
with  the  blow-pipe.  Lectures :  Crosby  and  I 
tefjuired  of  agricultural  juniors.] 

Historical.  Study  of  fossilized  life  associat 
rocks,  and  methods  of  determining  fomiatioi 
I  fossil  life.  Lectures:  Le  Conte  and  Dana  < 
1  of  agricultural  juniors.] 

Economic.  Study  of  the  minerals  of  econo 
*nd  methods  of  preparing  them  for  the  niarke 
mip  and  Tarr  as  texts.     [Elective  for  agricull 

Palcoiitological.  Elementary  course  in  paleo 
Xicholson  and  Lydekker  as  text.  [Elective  I 
L'niors.] 

Advanced.  Course  arranged  to  suit  the  need 
Ine  week  in  the  field.     [Elective  for  agricult 


HISTORY. 
purpose  of  the  department  of  history  is  to 
historical  reailing  and  give  the  ability  to  com 
le  events  of  the  times  by  applying  the  expei 
:o  the  conditions  and  problems  of  today.  Th 
rcumulation  of  a  mass  of  facts  and  dates,  bn 
of  a  right  comprehension  of  great  historical  i 
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Text-books  are  used,  especially  in  the  preparatory  classes ; 
but  the  study  of  the  assigned  lessons  is  supplemented  by  read- 
ing different  authorities  on  the  same  subject  and  by  lectures. 
The  historical  library  has  been  greatly  enlarged  during  the 
past  year  and  is  at  the  disposal  of  the  students  in  this  depart- 
ment :    The  following  courses  are  offered : 

I.  England.  Montgomery's  English  History.  [Required 
of  preparatory  students.] 

II,  III.  Mediaeval  and  Modern.  Myer's  Mediaeval  and 
Modem  History.    [Required  of  preparatory  students.] 

IV.  Greece.  Myers'  History  of  Greece ;  Guerber's  My- 
thology.   [Elective  for  agricultural  seniors.] 

V,  VI,  Vir.  Middle  Ages.  Thatcher  and  Schwill.  Lec- 
tures and  supplementary  reading.  [Elective  for  agricultural 
seniors.] 

ENGLISH. 

The  aim  of  the  preparatory  work  in  this  department  is  to 
teach  the  students  to  understand  and  use  the  English  language 
correctly  and  to  cultivate  in  them  a  taste  for  the  best  literature. 
A  thorough  mastery  of  English  grammar  is  required  before  en- 
trance to  the  Preparatory  Year. 

The  student's  work  in  literature  is  made  to  furnish  the 
occasion  as  well  as  the  material  for  the  preparation  of  essays, 
rhese  essays  are  subject  to  criticism  both  in  the  class  and  with 
he  individual  writers. 

The  formal  study  of  rhetoric  is  designed  to  ground  the 
tudent  in  the  principles  of  English  composition  and  to  cultivate 
lis  literary  sense  by  analytical  study. 

The  work  in  oratory  is  of  a  practical  character.  An  effort 
5  made  to  secure  reading  that  shall  be  intelligent,  natural  and 
arcible,  and  to  develop  spontaneous  expression  from  the  men- 
il  side.  The  student  meets  the  instructor  personally  for  re- 
earsal  and  criticism. 
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le  following  subjects  are  open : 

II,  III.  Composition  and  Rhetoric.  Constant 
ing.  Hill's  Foundations  of  Rhetoric.  Selectio 
lowing  American  authors  are  read,  and  passi 
ized :  Ir\'ing,  Brj-ant,  Longfellow,  Whittier, 
s.  Supplementary  reading.  [Required  of  agr 
xhanical  preparatory  students ;  three  terms ;  ft 
•] 

[I,  \'III,  IX.  Literary  Masterpieces.  Reading 
memorizing  selections.  The  books  prescribed  ar 
Palamon  and  Arcite :  Pope's  Translation  of  tl 
I,  VI,  XXII.  XXIV;  The  Sir  R<^er  de  Coverl; 

Spectator;    Goldsmith's  Vicar  of  Wakefield: 
>e ;    De  Quincey's  Flight  of  a  Tartar  Tribe : 
'  the  Mohicans :  Selections  from  Tennyson's  Idy 

Hawthorne's  House  of  Seven  Gables.  [Req 
tural  freshmen ;  three  terms ;  once  a  week.] 
,  XI,  XII.  History  of  Literature.  History  of 
imerican  literature.  Selected  reading:  com] 
ions.  [Required  of  agricultural  sophomores  . 
d  juniors.] 

III,  XIV,  XV.  English  Poets.  Chaucer  and  I 
Wordsworth,  Coleridge,  Byron,  Keats,  Shelley: 
d  Browning.  Critical  reading  of  selected  poe 
)f  the  literary  art  of  the  poets.  Comparative  stn 
1  topics  connected  with  works  read.  Reading  by 
with  requisite  comments.  Special  attention  is 
ammar  and  pronunciation  of  Chaucer's  work: 

of  agricultural  sophomores :   three  terms ;    thr 


IX.  XX.  XXI.  Oratory.  Studv  of  selectio 
English  and  American  orators.  Composition. 
ind  declamations  which  are  subject  to  criticise 
ior  and  bv  the  class.    Everv  member  of  this  cU 
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quired  to  deliver  in  public  one  original  oration  at  the  end  of 
;ach  term.  [Required  of  agricultural  and  mechanical  seniors; 
Jiree  terms;  once  a  week.] 

MATHEMATICS. 

The  instruction  in  mathematics  aims  to  develop  the  pow- 
;rs  of  mental  concentration,  to  give  facility  in  attacking  orig- 
nal  problems,  and  ability  to  recognize  the  difference  between 
ogical  proof  and  presumptive  evidence,  and  to  form  in  the  stu- 
lent  the  habit  of  expressing  his  ideas  in  concise  mathematical 
angiiage. 

All  fundamental  concepts  are  presented  in  as  many  differ- 
;nt  forms  as  possible,  with  fullness  of  explanation  and  variety 
)f  illustration,  so  that  the  student  may  thoroughly  understand 
.!!  the  principles  involved. 

The  following  subjects  are  required : 

I,  II,  III,  IV.  Algebra.  Wentworth.  Wells,  Taylor,  or 
"harles  Smith.  Fundamental  operations.  Fractions  and  frac- 
ional  equations,  simultaneous  equations  of  the  first  degree, 
^roblems  involving  two  unknown  numbers,  simple  and  indeter- 
linate  equations,  involution  and  evolution.  Radical  and  imag- 
nary  expressions,  quadratic  equations,  ratio  and  proportion. 
Required  of  preparatory  students  and  freshmen.} 

V,  VI.  Plane  Geometry.  Wells,  Wentworth,  Chauvenet, 
r  Beman  and  Smith.  Much  of  the  time  is  devoted  to  solving 
riginal  propositions,  and  when  time  permits,  some  of  the  mod- 
m  methods  and  the  geometrical  theory  of  proportion  are 
night.     (Required  of  freshmen.] 

\"II.  Advanced  Algebra.  Wells'  College  Algebra.  Pro- 
ressions,  binomial  theorem,  convergent  and  divergent  series, 
ndetermined  coefficients,  logarithms,  permutations  and  com- 
inations,  summation  of  series,  determinants,  theory  of  equa- 
ons,  solution  of  higher  equations.  [Required  of  mechanical 
jphomores.] 
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X.  Trigonometry.  Wells'  New  Trigonometry, 
ment  of  the  general  formulae  and  their  applicatio 
on  of  triangles,  polygons,  and  original  field  pi 
lired  of  agricultural  juniors  and  mechanical  sophc 
[.  Analylicat  Geometry.  Wentworth's  Analytica 
The  analytical  geometry  of  the  straight  line,  cir 
sections ;  including  a  general  discussion  of  the 
ion  of  the  second  degree,  and  an  introduction  to 
y  of  three  dimensions.  [Required  of  mechanical 
fc  for  agricultural  seniors.] 

ZI,  XII.  Calculus.  Osborne's  Calculus.  DifFen 
nctions,  successive  differentiation,  indeterminate 
jpment  of  functions  in  series,  maxima  and  minim 
of  two  or  more  variables,  tangents,  normals,  asyi 
ion  of  curvature,  singular  points,  curve  tracing,  t 
apes,  and  order  of  contact.  Integration,  applic 
Etry  and  mechanics,  successive  integration,  integr 
lal  fractions,  integration  by  rationalization,  by  p: 
ies,  lengths  and  areas  of  plane  curves,  areas  of  sue 
ition,  and  volumes  of  solids.  [Required  of  me 
•s;  elective  for  agricultural  seniors.] 


!'he  aims  of  this  department  are  to  cultivate  in  the 
:  of  thoughtful  observation,  intelligent  and  rapid 
,  and  to  give  him  a  general  knowledge  of  natu 
na.  In  all  courses  the  subjects  are  studied  from 
ental  side,  the  student  spending  at  least  one-hal 
dlotted  to  the  work  in  the  laboratory  under  the  d 
;ion  of  the  professor  in  charge, 
'he  following  subjects  are  offered : 
,  II,  III.  Elementary.  Carhart  and  Chute's  Klei 
cs;   Allen's  laboratory  Physics.    The  properties 
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ter;  mechanics  of  solids  and  liquids.  Heat,  sound,  and  light. 
Magnetism  and  electricity.     [Required  of  freshmen.] 

IV,  V,  VI.  General.  Barker's  Physics.  OutHned  ex- 
periments with  reference  to  laboratory  manuals.  Physical 
luantities,  kinematics,  dynamics,  work  and  energy,  attraction 
md  potential,  and  prciperties  of  matter.  Energy  of  mass  vi- 
jration,  molecular  kinetic  energy,  radiant  energy.  Energy  of 
lether-s tress,  energy  of  aether- vortices,  energy  of  aether-flow, 
ind  the  electromagnetic  character  of  radiation.  [Required  of 
nechanical  juniors  and  elective  for  agricultural  seniors.] 

VII.  Electric  Measurements.  Measurements  of  resist- 
nces,  calibration  of  amperemeters  and  voltmeters,  calculation 
if  the  electromotive  force  of  batteries  and  dynamos,  magnetic 
leCermi nations,  heating  effect  of  currents,  etc.  [Elective  for 
gricultural  seniors.] 

MECHANICS. 
The  aim  of  the  instruction  in  this  department  is  to  give 
le  student  a  thorough  insight  into  the  general  principles  gov- 
-ning  prime  movers  and  mechanical  movements,  and  acquaint- 
ice  with  the  methods  in  which  these  principles  may  be  applied 
id  combined  in  order  to  produce  the  desired  effect  in  all 
■anches  of  engineering.  Instruction  is  also  given  in  subjects 
hich  are  rather  more  technical  than  theoretical,  and  the  appli- 
ition  of  theory  to  practice  is  never  lost  sight  of.  The  work  is 
illy  illustrated  by  frequent  reference  to  the  engineering  and 
echanical  equipment  of  the  university  and  other  available 
urces. 

The  following  subjects  are  required  of  mechanical  stu- 
nts: 

I,  II.  Founding.  Leclures  on  core  making,  loam,  dry  and 
een  sand  molding:  cast  iron:  flasks,  facing,  finishing,  etc.: 
;o  on  preparing,  charging,  tapping  out,  and  stopping  up  the 
tjola.      [Required  of  mechanical  freshmen.] 
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III.  Iron  Working  Machines.  Joshua  Rose's  ( 
actical  Machinist.  Study  of  the  use  and  care  of 
inery,  particularly  the  lathe ;  speed  of  diflferent  part 
tting,  turning  eccentrics,  taps  and  dies ;  fitting  cc 
is;  pumps,  etc.  [Requiredof  mechanical  juniors;  f 
e  times  a  week.] 

IV.  Elements  of  Mechanism.  Stahl  and  Woe 
;ntary  Mechanism.  Study  of  the  elementary  princ 
rlying  mechanical  movements  and  the  modes  of  com 
f  motion.  [Required  of  mechanical  juniors;  wint 
e  times  a  week.] 

V.  Steam  Boilers.  A  Treatise  on  Steam  Boilers, 
n  and  Flather.  A  general  study  of  the  different 
Klem  steam  boilers,  their  construction,  advantages, 
vantages.  [Required  of  mechanical  seniors;  fall  te 
les  a  week,] 

VI.  Steam  Engines.  The  Steam  Engine,  by  Holr 
chanism  and  principles  brought  into  use  in  the  desij 
xlem  steam  engine.  Gidding's  adjustable  model 
rsal  valve  movements  is  used  in  the  class  room, 
idy  is  also  made  of  working  engines.    [Requir.d  of 

seniors;  fall  term;  five  times  a  week.] 

VII.  Steam  Engine  Indicators.  The  Slide  V 
>se,  and  Hemenway's  Steam  Engine  Indicators,  i 
Terent  engines  are  tested  as  time  will  permit,  [Re( 
chanical  seniors;   winter  term;  five  times  a  week.] 

VIII.  Engineering  Materials.  Merriman's  Med 
aterials.  Theory  of  resistance  of  different  mater 
idy  of  those  principally  used  in  engineering,  especia 
ne,  timber,  iron,  and  steel.  [Required  of  mechanical 
nter  term :  five  times  a  week.] 

IX.  Hydraulics.  A  Treatise  on  Hydraulics,  b 
n.  The  flow  of  water  through  tubes,  in  pipes,  canal 
i  over  weirs :  measurement  of  water  power,  and  pn 
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>wing  water.     [Required  of  mechanical  seniors ;  spring  t-rm ; 
/e  times  a  week.] 

X.  Thermodynamics  of  Gases.  A  study  of  the  properties 
gases,  saturated  vapor,  and  superheated  steam,  and  their  ap- 
ication  to  the  steam  engine.  [Elective  for  mechanical  seniors ; 
•ring  term ;  five  times  a  week.] 

DRAWING. 
The  aim  of  the  department  of  drawing  is  to  devek^  and 
licken  the  ability  of  observation  and  to  follow  as  closely  as 
)ssible  the  line  of  work  done  in  the  practical  drafting  rooms 
machine  shops. 
The  following  subjects  are  required: 

I.  Freehand  Drawing.  Drawing  from  models  and  copies, 
th  which  the  department  is  well  supplied.  [Required  of  agri- 
Itural  freshmen,  and  of  mechanical  preparatory  students.] 

II.  Freehand  Drawing.  Sketching  parts  of  machines  to 
used  in  instrumental  drawing.     [Required  of  agricultural 

■shmen  and  of  mechanical  preparatory  students.]  . 

III.  Use  of  Instruments.  A  short  course  in  straight  and 
-ved  lines  and  lettering.  [Required  of  agricultural  freshmen 
i  of  mechanical  freshmen.] 

IV.  Geometrical  Constructions.  Geometrical  problsms 
•d  in  instrumental  drawing.     [Required  of  mechanical  fresh- 

-.] 

V.  Descriptive  Geometry.  An  elementary  course  in  pro- 
tion.     [Required  of  mechanical  freshmen.] 

VI.  VII.  Instrumental  Drawing.  Detailed  copies  of 
ts  of  machines.  Drawing  to  .scale  of  parts  of  machines  from 
tches  taken  in  the  shops  by  the  students.  [Required  of  me- 
nical  sophomores.] 

VIII,  IX.  Shades  and  Engineering  Colors.  Drawing  and 
ing  machines  and  parts  of  machines.  [Required  of  mechan- 
sophomores  and  juniors] 
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X.  Parts  of  Machines.  Designing  gears,  cams, 
machines  which  apply  to  the  study  of  Mechanics 
red  of  mechanical  juniors.] 

XI.  Blue  Prints.  Tracing  and  making  draw 
d  in  the  shops.     [Required  of  mechanical  juniors. 

XII.  Machine  Designing.  Designing  a  boile 
pie  machines ;  the  design  to  be  as  original  as  poss 
red  of  mechanical  seniors.] 

XIII.  Steam  £ngine  Drawing.  This  subject  is 
y  the  work  in  Mechanics  V  and  VI.     [Required  c 


INDUSTRIALS. 

This  department  is  intended  to  simplify  mech 
eering  by  teaching  practical  work  in  coniiectiot 
>ry.  It  aims  also  to  present  the  practical  side  of 
•unning  the  machine  shops  as  nearly  as  possible  o 
e  of  actual  manufacturing  establishments. 

I,  II.  Wood  Working.  Lectures  on  the  care  an 
It  of  carpenters'  tools ;  exercises  in  lining,  planin 
:hing,  splicing  mortising,  and  tenoning.  Bencl 
)d;  exercises  in  dovetailing,  framing,  paneling,  i 
k  for  the  department.  [Required  of  agriciiltur; 
nical  preparatory  students.] 

III.  Wood  Turning.  Exercises  in  straight  a 
ling,  compound  curves,  etc,  [Required  of  agrici 
hanical  preparatory  students.] 

IV.  Pattern  Making.  A  large  variety  of  pa 
ling  parts  of  machines,  are  made  for  use  in  tb 
■quired  of  mechanical  freshmen.] 

V.  VI.    Foundry  Practice.    Exercises  in  mould 
charging,  and  managing  the  cupola.     The  ca 

ed  are  used  by  the  students  in  the  machine  ro 
■e<l  of  mechanical  freshmen.] 
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\'II,  Iron  Work.  Exercises  in  filing  and  chipping,  and 
e  use  of  the  drill  press.  [Required  of  mechanical  sopho- 
Dres-] 

VIII.  Iron  Planing.  Exercises  and  special  work,  [Re- 
ired  of  mechanical  sophomores.] 

IX.  The  Engine  Lathe.  An  elementary  course;  tapering, 
■ew  cuting,  etc.    [Required  of  mechanical  sophomores.] 

X.  The  Engine  Lathe,  Advanced.  Special  work ;  turning 
parts  of  machines,  and  work  for  the  department.  [Required 
mechanical  juniors.] 

XI-  Milling.  Exercises  in  milling,  sawing,  gear  cutting, 
ral  cutting,  and  work  on  parts  of  machines.  [Required  of 
chanical  juniors.] 

Xri.  Engineering  Laboratory.  Testing  the  efficiency  of 
lers,  and  inspection  visits.    [Required  of  mechanical  juniors,] 

XIII.  Engineering  Laboratory.  Testing  steam  engines, 
Tiing  the  principles  and  operation  of  the  steam  engine  indi- 
)r  and  rigging:  inspection  visits.  [Required  of  mechanical 
iors.  ] 

XI\'^.  Shop  Engineering.  General  work  in  shop  manage- 
tt.  lining  shaftings,  and  setting  machines;  inspection  visits 
quired  of  mechanical  seniors] 

XV'.     Experimental  Laboratory.    A  thesis  is  produced  in 
lection  with  experimental  work.     [Required  of  mechanical 
,rs.] 
Special  subjects  of  experiment  are  arranged  for  those  who 

taken  the  baccalaureate  of  science  in  mechanics  and  wish 
ke  graduate  work. 

MILITARY  SCIENCE  AND  TACTICS. 
The  department  of  Military  Science  and  Tactics  is  estab- 
J  in  accordance  with  the  requirements  of  an  Act  of  Con- 
donating  public  lands  to  colleges,  one  of  the  conditions 
■  that  rnilitarj'  tactics  shall  be  taught.    It  is  under  the  con- 


Wyoiniiig  AgrUmUural  Collt'ge. 

1  of  the  officer  of  the  regular  army,  detailed  by  tht 
tment  for  its  duty,  without  any  expense  to  the  St 

provisions  of  Section  1225,  Revised  Statutes  of  t 
ites.  One  hundred  and  fifty  Springfield  rifles  ( 
n;  similar  to  those  used  at  West  Point)  and  e< 
1  cannon  and  sabres  for  artillery  and  cavalry  pr 
ned  to  the  college  by  the  U.  S.  Ordnance  Departi 
)wance  of  ammunition  is  annually  supplied  by  tl 
/emment  for  purposes  of  target  practice.  All  sti 
uired  to  drill  throughout  the  year.  The  cadet  c 
•ointed  by  the  commandant  of  cadets,  subject  to  thi 
the  president.    The  commissioned  officers  are  usu: 

from  the  senior  class,  the  sergeants  from  the  ju 
I  the  corporals  from  the  sophomore  class,  general 
itary  efficiency  being  the  qualifications  considered, 
Besides  obtaining  the  excellent  physical  results 
'  systematic  and  regular  military  training,  the 

students  will  be  thus  improved.    The  virtues  of  1 
lor,  and  truthfulness  are  cultivated,  and  habits  ol 
mptness  and  obedience  are  insisted  upon. 
The  rules  prescribed  by  the  President  of  the  Uni 

the  government  of  officers  of  the  army  detailed  a 
of  Military  Science  and  Tactics  require  the  follow 
nstruction : 

1.  The  course  of  instruction  shall  be  both  pra 
oretical.  and  shall  be  so  arranged  as  to  occupy  at 
ir  per  week  for  theoretical  instruction,  and  at  least 

week  for  practical  instruction. 

2.  The  practical  course  in  infantry  shall  embr; 
1  target  practice,  and,  as  far  as  possible,  all  the  n 
scribed  by  the  drill  regulations  of  the  United  St 
licable  to  a  battalion.  Instruction  in  artillery  shal 
Far  as  practicable,  such  portions  of  the  United  S 
Illations  as  pertain  to  the  formation  of  detachment 


Tenth  Annua!  Rfporl,  1900. 


£  the  piece,  mechanical  maneuvers,  aiming  drill,  saber  e 
nd  target  practice.  Instruction  should  also  include  the  duty 
f  sentinels,  and  where  practicable,  castrametation.  Such  in- 
iniction  shall  be  given  by  the  Professor  of  Military  Science 
id  Tactics  personally,  or  under  his  immediate  supervision. 

3.  Theoretical  instruction  shall  be  by  recitations  and  lec- 
ires  personally  conducted  and  given  by  the  Professor  of  Mili- 
Lry  Science  and  Tactics,  and  shall  include,  as  far  as  practica- 
le,  a  systematic  and  progressive  course  in  the  following  sub- 
cts :  The  drill  regulations  of  the  United  States  army,  ihe  prep- 
ration  of  the  usual  reports  and  returns  pertaining  to  a  com- 
my,  the  organization  and  administration  of  the  United  States 
■my,  and  the  elementary  principles  governing  in  the  art  of 
ar. 

The  military  department  shall  be  subject  to  inspection 
ider  the  authority  of  the  President  of  the  United  States ;  such 
spection  shall  be  made,  when  practicable,  near  the  close  of 
e  college  year.  The  inspecting  officer  shall,  upon  his  arrival 
the  institution,  report  to  the  President  or  other  administra- 
'e  officer  in  order  to  obtain  from  him  the  necessary  facilities 
r  the  performance  of  his  duty.  A  copy  of  the  report  of  in- 
action will  be  furnished  the  President  of  the  institution  by 
;  War  Department. 

Military  drill  has  become  a  feature  of  all  the  courses  in  the 
liversity,  and  it  is  required  that  all  students  appear  at  the 
II  in  uniform.  Students  are  advised  to  come  to  the  college 
hout  specially  providing  themselves  with  new  clothes  and 
arrange  to  wear  the  cadet  uniform  habitually  while  at  col- 

The  cost  of  the  uniform  is  about  $14.50.     The  grade  of 
ing',    including  the  cap,  wears  well  and  proves  to  be  eco- 
lical. 
All  male  students  are  expected  to  provide  themselves  witi- 
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uniforms.     It  consists  of  a  blouse,  trousers,  and  cap, 
ifter  the  West  Point  uniform,  with  raised  gilt^buttons. 

COURSE  IN  MILITARY  SaEMCE. 

Practical. — Cadets  are  divided  into  two  classes,  Fi 

and  Subsequent  Year  Cadets. 
For  all  cadets :    Practical  instruction  comprises  thi 

of  the  soldier,  squad,  and  company  in  normal 

tended   order    (Infantry   Drill   Regulations) 

mounting  and  guard  duty,  gallery  and  rang 

practice. 
For  Subsequent  Year  Cadets:     In  addition  to  tl 

comprises  artillery  drill,  saber  exercise,  and 

signaling  with  flag  and  heliograph. 
Theoretical. — Cadets  are  divided  into  four  classt 

winter  term  is  especially  devoted  to  this  ins 

which  includes  the  following: 
First  Year  Cadets:    Infantry  Drill  Regulations,  ii 

the  schools  of  the  soldier,  squad,  and  ctsnpany 

mal  and  extended  order. 
Second  Year  Cadets :    School  of  the  battalion  and 

nies  (Infantry  Drill  Regulations),  and  U.  S. 

of  Guard  Duty. 
Freshman  Class :    "Elements  of  Military  Science,' 
Sophomore  Class:    U.  S.  Army  Regulations,  mus 

and  returns,  etc.,  Military  Law,  and  State  Law 

ing  to  the  National  Guard. 
The  corps  of  cadets  has  this  year  been  divided  i 
onipanies,  with  the  commandant  acting  as  major.    Tl 
er  of  young  men  in  the  drill  has  been  seventy-seven. 
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THE  LIBRARY. 

The  library,  which  is  also  the  general  reading  room  of  the 
University,  is  situated  on  the  second  floor,  in  the  north  wing  of 
the  main  building.  This  is  a  large  well-lighted  and  ventilated 
apartment.  The  college  students  use  this  room  during  vacant 
hours  from  8 130  a.  m.  to  12  m.,  and  from  i  to  3  :is  p.  m. 

The  students  at  stated  hours  during  six  days  of  the  week, 
have  access  to  the  books  and  periodicals.  Three  volumes  may 
be  taken  by  any  one  individual  and  kept  from  the  shelves  for  a 
period  of  two  weeks.  Books  reserved  at  the  instance  of  profes- 
sors as  collateral  reading  for  their  courses  are  shelved  in  their 
respective  rooms,  and  can  be  taken  out  only  on  application  to 
such  professors,  who  are  respansible  for  them  during  the  period 
of  their  reservation. 

The  library  contains  9,302  bound  volumes,  and  in  addition 
several  thousand  unbound  bulletins  and  reports  on  agricultural 
and  scientific  subjects. 

There  have  been  added  to  the  University  library  during 
the  year  1899- 1900,  2,400  bound  volumes  and  1,000  pamphlets, 
including  Experiment  Station  bulletins  and  publications  from 
the  Department  of  Agriculture  at  Washington,  D.  C. 

The  Board  of  Trustees  of  the  University,  at  its  annual 
meeting  in  May,  1900,  made  an  appropriation  of  $5,000  for  ref- 
erence  books  for  the  library.     The  scientific  books  as  pur- 
chased, after  being  catalogued,  are  placed  in  the  reference  li- 
braries  in  the  respective  laboratories  in  the  University,  the 
books  for  more  general  use  being  placed  in  the  library  proper. 
A  pleasing  increase  of  interest  in  the  library  is  being  shown  by 
the  students  continually;   the  books  are  being  consulted  with 
greater  care,  and  with  results  noticeable  in  the  class-room. 

The  following  agricultural  papers  and  Wyoming  news- 
papers are  sent  to  the  University : 
(3)- 
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Arkansas — 

Farmer. 
California — 

Press  and  Horticulturist, 

The  Call. 

West  American  Science. 
Colorado^ 

Farmer. 

The  Field  and  Fann'. 
Georgia — 

The  Southern  Citltivator. 
Illinois — 

Prairie  Farmer. 

Orange  Judd  Farmer, 

Farmer's  Review. 

The  Farmer's  Magazine. 

The  Elgin  Dairy  Report. 

Irrigation  Age. 
Indiana — 

Clover  Leaf. 
Iowa — 

Iowa  Homestead. 
Kansas — 

Farmer. 
Kentucky — 

The  Industrial  American. 
LrOuisiana — 

Planter. 
Maryland — 

Farmer. 

Southern  State. 

Baltimore  Weekly  Sun. 


Massachusetts — 

Farm  and  Home. 

Ploughman. 

Our  Grange  Home. 

American  Cultivator. 

New  England  Farmer. 
Michigan — 

Grange  Visitor. 
Missouri — 

\atiunal  Dairyman. 
Nebraska — 

Western  Resources. 
New  Hampshire — 

Mirror  and  Farmer. 
New  Mexico — 

Soutliwestem     Farm     and 
Orchard. 
New  York- 
American  Agriculturist. 

Rural  New  Yorker. 

Sugar  Trade  Journal. 
Ohio- 
American  Grange  Bulletin. 
Ontario — 

Farmers'  Advocate. 
Pennsylvania — 

Germantown  Telegraph. 

Public  Ledger,  daily. 
Virginia — 

Southern  Planter. 

The  Pr<^essive  South. 
Washington — 

Northwest  Mining  Review. 


ZH 
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German  ia. 

Great  Round  World. 

Harper's  Monthly. 

Harper's  Weekly. 

Home  Study. 

Journal  of  the  Society  of 
Chemical  Industry. 

Journal  of  the  American 
Chemical  Society. 

Journal  of  the  British  Chem- 
ical Society. 

Kunkel's  Musical  Review. 

Literary  Digest. 

Meehan's  Magazine. 

Metal  Worker. 

Microscope. 

Microscopical  Journal. 

Mining  and  Scientific  News. 

Monist. 

Nation. 

Nature. 

North  American  Review. 

Outlook. 


Philosophical  Review. 
Photographic  Times. 
Physical  Review. 
Plant  World. 
Political  Science  Monll 
Popular  Science  Monti 
Power. 

Psychological  Review. 
Public  Libraries. 
Quarterly    Journal    o 

and   Applied   Mathi 
Review  of  Reviews. 
Science. 
Scientific  American  ai 

plement. 
Scribner. 
Sociology. 
Studio. 
St.  Louis  and  Canadii 

tographer. 
Terrestrial  Magnetism 
Young  Men's  Era. 
Western  Electrician. 


The  L^niversity  now  uses  the  Dewey  Decimal  Ca 
logue  system,  and  in  addition  to  the  regular  cards  h 
coming  from  the  Department  of  Agriculture  at  Was 
containing  a  complete  list  of  publications  sent  from  tha 
ment  and  its  several  branches  in  connection  with  the 
ment  Station  work. 
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treasurer's  report. 

The  University  of  Wyoming, 
Agricultural  College. 
Report  of  the  Treasurer  of  said  institution  to  the  governor 
i(  the  state  of  Wyoming;  of  amount  received  under  act  of  Con- 
Tess  of  August  30,  1890,  in  aid  of  Colleges  of  Agriculture  an<' 
tie  Mechanic  Arts,  and  of  the  disbursements  thereof,  to  and 
icluding  June  30,  1900. 

alance  on  hand  July  1,  1S99 |12,4S9.33 

ate  of  receipt  ot  insUIIment  for  1S99-1900,  Nov.  16,  1899. .   26,000.00 

Total  avall&bie  for  year  ending  June  30,  1900 (37,489.33 

Disburse mentB  thereof  for  and  during  the  year  ending 
June  30.  1900, 

grfculture (1,739.43 

ecbanic  Arts 3.8T3.42 

DgKBb  Language  _ 3,39T.SS 

atbemattcal  Science ' 2,S97.9G 

itural  or  Physical  Sciences 9.739.44 

:onomlc  Sciences 4,472.73 

Total  expended  during  tbe  year (26,110.86 

Llance  remaining  unexpended  July  1,  1900...  (11.37S.48 

Outstanding  contracts  tor  facllltiea  not  yet  delivered,  chargeable 
tbis  unexpended  balance,  amount  to  (9.503.  Commissioner  ot  Ed- 
atloD.     Letter  July  12.  1900. 

We  hereby  certify  that  the  above  account  is  correct  and 
le,  and.  together  with  the  itemized  account  attached,  truly 
^resents  the  details  of  expenditures  for  the  period  and  by 
■  institution  named,  and  that  said  expenditures  were  applied 
\v  to  instruction  in  agriculture,  the  mechanic  arts,  the  Eng- 
1  language,  and  the  various  branches  of  mathematical,  phys- 
!.  natural,  and  economic  science,  with  special  reference  to 
■ir  application  in  the  industries  of  life  and  to  the  facilities 
such  instruction. 

John  C.  Davis.  Treasurer. 

Grace  Raymond  Hebahd,  Secretary. 
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Courses  of  Study. 


AGRICULTURAL  COURSE. 
PREPARATORY    TEAE. 


FALI,  TERM. 

WINTER  TERM. 

SPRING 

History.  L 
English.  I. 

German,  I. 

History.  11. 
Mathematics.  IL 
IndJStSklB.'  II. 

HlBtonr,  II 

English,  II 

Industrials. 

FHEISHHAN  TEAR. 


Physics,  II. 

Drawing,  I 

i  ESShi?i'.  n 

SOPHOMORE   YEAR. 


Zoology,  I, 
Entomology,    I. 
Ch^mlBlry.  I. 
English.  X,  1. 
Agrk-ulture,  I. 


Zoology.  II. 
Entomology,  II 
Chemlalry,  II- 
EngllBh.  XI,  I. 
Asrlculture,  IT,  t. 


Zoology,  II 
Matliemalti: 
Chemistry, 
English.    XI 


JUNIOR  YEAR. 


Geology.  I. 
Philosophy,  I. 
Agriculture,  IV. 
Chemistry,  VII. 
've,  5  hours. 


SENIOR  YEAR. 


»^'^ 


English,  XIX,  1. 
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MECHANICAL  COURSE. 


PREPARATORY  YEAR. 


FALL  TERM. 


JatoiT,  L 
Insllih.  I. 

IdUBtrlBlB.  I. 


WINTER  TERM. 

Mathematics,  II. 
History .  II. 
EnKlleh,  II. 
Drawlni;,  II. 


SPRING  TERM. 


Mnl  hematic* 
Hlstorr.  Itl. 
EnKllHh.  III. 


FRESHMAN  YEAR. 


]  MathematlcB,  V. 


irawinK,  'iV. 
idustnala,  IV. 


I  Physics.  II. 
I  Drawing,  V, 

Industrrals,  \ 
\  Mechanics.  I, 


MatheniBtEcs,  VI. 

German.  Ill, 
Physics.  III. 


SOPHOMORE  YBAR. 


hematics,  VII. 

man.  IV. 
mlatry.  I. 


,  ICnKllsh.  VIII.  1. 


iKllBb.  'x.  i. 
duHtrials,  VII. 


schanics.  VI. 
ectlvc.  5. 

lilt  lea  I  Sdenee.  IV. 
igllah.  yiX.  I. 
(lust rials.  X. 


JUNIOR  TEAR. 

I  MnlhomatlcB,  XI. 
Merhnnlcs.  IV. 


ndnBtrlala,  VIII. 
SENIOR  TEAR. 


MathemallcB,  IX. 
O.Tinan.  VI. 
Chemistry.  III. 

Drawing.   IX.   t. 

Kngllsh,    IX,   1. 


Mathematics.  XU. 


Industrials.  IX. 


Elective.  B. 
Thesis. 
Enirllsh.  XXI.  1 
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UNIVERSITY  OF  WYOMI 

LARAMIE,  WYOMING. 


Report  of  the  Preeldent  of  Said  Inatltutlon  to  the  Secret 
Interior  and  the  Secretary  of  Agriculture,  «■  Requlf 
of  Congreae  of  August  30,  1890,  In  Aid  of  Coltegea  of  t 
and  the  Mechanic  Arta. 

RECEIPTS  FOR  AND  DURING  THE  YEAR  ENDING 

30,  19IHI. 
Balance  on  band  July  1, 1S99,  over  and  above  all  Indeb 

edneBB  (excluding  luaded  debt.  If  any) 

I.     State  aid:  (a)  Income  from  endowment  granted  by  Btal 

(b)  Appropriation  for  current  eipenees.... 

(c)  Appropriations  for  building  or  for  oth< 

apeela!  purposes 

t.    Federal  aid:    (a)  Income  from  land  grant,  act  of  Jul 

2,  1862 

(b)  Additional  endowment,  act  of  Augui 

30,  1890 

(cl  For  experiment  stations,  act  of  Mart 

2.  1887 

I.    Fees  and  all  other  b< 

Total 
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EXPENDITURHS  FOR  AND  DURING  THE  YEAR  ENDED 

JUNE  30,  1900. 

(Not  necessarily  a  balance  Bbeet  as  compared  with 

Division  II  above.) 

1.  Instruction  In  the  subjects  speclfleiJ  In  Sec.  1.  act  of  AU' 

gust   30.   1890' (18,4*5.00. 

2.  Instruction  !n  all  other  subjects,  If  any,  not  roeDtloned 

In  Question  1  of  this  series 3.700.00 

3.  Administrative     espenses     {President's,     Secretary's, 

Treasurer's,  Librarian's  salary,  clerical  service,  fuel 
.     light,  etc,)" 3.300.00 

4.  Bspertment  Station 15.340.35 

Total (40.785.35 

PROPERTY.  YEAR  ENDED  JUNE  30.  1900. 
Value  of  all  buildings.  (111.540;   ot  other  equipment.  (61.500. 
Value  of  above  property  (an  estimate  only  is  expected)  not  used  for 
Instruction  In  the  subjects  specified  in  section  1  of  act  of  Au- 
.     gust  30.  1890,  Buildings  (all  used) :    of  other  equipment.  (17.000. 
Total  number  of  acres.  416;    acres  under  cultivation,  ISO;    acres  used 
tor  experiments.  180;    value  Ot  farm  lands.  (10.600;    amount  ot 
all  endowment  funds,  (7,000.    (Act  July  Z,  1862.) 
Number  o(  bound  volumes  June  30.  1900.  9.300;    pamphlets,  5.500. 

FACULTY  DURING  THE  YEAR  ENDED  JUNE  30.  1900. 

1.  College  of  Agriculture  and  Mechanic  Arts: 

Male.    Female. 

(a)  Preparatory  classes 10  3 

I  b)  Collegiate  and  special  classes 10  3 

(c)  Total,  counting  none  twice 10  3 

2.  Number  In  all  other  departments  'excepting  dupli- 

cates     3  1 

3.  Number  of  stall  of  Experiment  Station 6  1 
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STUDENTS  DURING  THE  YEAR  ENDED  JUNE  30,  190 
Male.    I 

(a)  Preparatorf  classes  0 

(b)  Collegiate  and  special  classes 15 

Ic)  Post  graduate  courses 0 

Total,  counting  none  twtce 15 

Number  in  all  otber  departments 90 

Number  of  students  that  pursued  courses  In  agriculture, 
chanlcal  engineering,  13;  electrical  engineering.  0; 
engineering,  11:  arcbltecture.  0:  household  economy, 
erlnnry  science,  0:  military  tactics,  66.  It  Is  not  e: 
tbnt  the  sum  of  these  figures  will  equal  the  number  of  a 
given  above.) 
What  degrees  and  how  many  of  each  kind  were  coDfe 
1899-19007 

On  men.  S  (B.  A..  3;    B.  S.  3i    M,  A.,  1;    M.  Pad..  1). 
On  women,  9  (B.  A.,  2:    B.  Fed..  7). 
What  and  how  many  honorary  degrees  were  conferred 
1900?    None. 

[Signed]     ELMER  E.  SMILEY. 
Presldi 
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Laramie  Cement  Plaster. 


BV 
E.  E.  SLOSSOX  AND  R.  B.  MOLDY. 


(PIHUSHED   AS    PART    OF   THE   TENTH    ANNUAL    REPORT   OF 
THE  WYOMING   COLLEGE   OF  AGRICULTURE 

AND   MECHANICS.) 


Laramib.  1900. 


he  Laramie  Cement  Plaster  Industry' 


E.    E.    SI.OSSON    AND    R.    B.    MOUDY. 

There  are  a  lar^e  numbei'  of  gypttutu  deposits  in  >\'yo- 
ling  varying  in  composition  from  pure  crystal  to  gypsite 
owder.  At  Red  Battes,  since  1889,  plaster  of  Piii-is  and 
tucco  of  fine  quality  have  lieen  manufactured,  and  Hince 
^97  the  Consolidated  Company  iia«  been  putting  on  the 
larket  plaster  made  from  the  ground  gypsum  rmk.  ^ome 
'sts  made  on  the  product  of  this  plant  are  tniluded  in 
liH  bulletin  and  further  attention  will  he  paid  to  it  «hen 
le  gypsum  deiHjsits  of  the  state  are  studied. 

The  Laramie  cement  plaster,  which  is  the  sulijeit  of 
le  investigations  here  reported.  i»  made  from  a  deposit 
'  gypsite  just  south  of  Laraniie.  Tiiis  bed  ccvevw  about 
■^(1  acres  and  has  been  worked  by  the  Standard  Cement 
Jaster  Company  since  1896.  Their  annual  output  is  now 
>out  2&PII  tons. 

TEE  OEOLOaT  OF  TB£  LARAMIE  0TF8ITE  DEF08IT.-t 

The  Triasfiic  fonnation,  or  "red  l)eds",a»  it  is  corn- 
only  called,  which  is  exposed  all  along  the  eastern  side 

the  Laramie  Plains,  contains  a  great  deal  of  g^-jisum 
id  one  stratum  of  considerable  thickness  near  the  bottom 

the  formation  and  only  a  little  above  the  sandstone  and 
iiestone  of  the  Permian  and  Carboniferous,  This  bed 
IK  struck  in  the  T'niversity  artesian  well  at  a  depth  of 
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'iM'i  liH'i  and  the  I'ci-niian  sandstone  at  about 
The  Rt'(i  lluttes  (typsium  rock  is  found  in  this 
and  doiifitless  the  grpKum  outcrop  could  be  fo 
most  any  jioint  alon(>;  the  eastern  Hide  of  the  Lara 
within  a  half  mile  of  the  limestone  and  Mindst 
Hre«  which  fonii  the  western  slope  of  the  Lara 
tains.  The  silica  and  limestone  washed  down  I 
ex]H)sures  haveuiixod  with  thedixinteprated  Bjp 
Trirtssic  beds  and  have  been  dej>o»ited  in  depretw 
plains.  forniin|{  numerous  beds  of  gypsite  or  gyp 
These  deposits  can  often  be  detected  by  the  wl 
the  soil  and  the  pec'uliar  Tegetation.  which  i 
clinnps  of  grease-wood  iftarcobatus  rccm icw/dlMS 
gniws  on   the  alkali  flats.* 

The  Laramie  gyjwite  bed  has  an  average 
about  nine  feet.  From  a  few  inehes  below  the 
about  seven  feet  it  is  pure  gypaite  jiowder,  the 
red  layer  'of  five  im^hes,  and  below  this  a  fiMit  i 
the  white  pypsite  jmwder  resting  on  giavel  an« 
Tile  planter  material  is  as  fine  a»  flour,  i-efjuirinf 
inp  or  even  sifting.  It  is  plowe<L  harrowed  ai 
up.  calcined  and  loaded  on  the  cai-s. 

THE  0EEUI8TBT  OF  CEMENT  PLASTCl 

In  gypsum  four  molecules  of  water  of  cryi 
are  combined  with  two  molecules  of  caleiun 
2raW()^.4H;0.  This  may  be  regarded  as  the  di-ci 
of  two  molecules  of  ortho-sulphuric  acid,  FI-OS, 
ing  this  up  to  2(i'2°F..  according  to  Le  Chatelier 
the  four  nmleeules  of  water  are  driven  ol 
2('aS(>,.Hi,(>.     This  is  the  ordinary  jdaster  of 

blacL  altiifuMldfmn  (•rbon.'truIT.hc  wi\.    In  W^ominj  it  is  ch.racifn«ii  « 
{Kdiuni  sulphate],  and  gypsum  when  there  ll  do  tl^cc  oF fodium  carbonale. 
frhorpe:     Dictionary  of  Applied  Chemislr)'.  I.  4TL 
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the  priiicij>al  ingrcKlient  in  cement  plaster.     It  may  be  re- 
garded as  the  di-calcinm  salt  of  the  acid  HoSaOg  and  as 
8«(li  would  be  represented  by  the  symbol  HaCaaSjOg.    The 
fourth  and  last  molecule  of  water  is  driven  off  between  340° 
and   ^^81  F.,    leaving   calcium    sulphate   completely   dehy- 
drated.    Calcium  sulphate  prepared  in  this  way  and  not 
heated  higher  than  is  necessary  to  completely  dehydrate  it 
takes  up  one  molecule  of  water  very  readily,  even  absorb- 
ing it  from  ordinary  air,*  to  form  2CaSO^.H20,  plaster  of 
Paris.  If  heated  still  higher  to  430°-650°F.,  or  to  a  red  lu^at, 
another  change  takes  place  and  the  calcium  sulphate,  al- 
though it  has  the  same  composition  as  that  prepared  at 
*J40-,  yet  differs  from  it  very  decidedly  in  its  properties. 
It  takes  up  water  very  slowly,  and  according  to  Zulkowskit 
only  enough  to  form  2CaS04.2H20.     Plaster  in  this  con- 
dition is  known  as  **over-burnt''  or  *'dead-burnt.''  and  is  use- 
less for  practical  purposes. 

The  object  of  the  plaster-maker  is  then  to  drive  off 
thr(-e-fourths  of  the  conibined  water  of  the  gypsum.  This 
can  Ik*  done  by  heating  to  340"F.,  but  in  practice  a  tem- 
j.eratiii^  of  38()-I^9()°F.  is  used,  which  doubtless  drives  off 
part  of  the  last  quarter  of  the  water,  but  this  does  not  mat- 
ter, because,  as  already  said,  it  is  restored  by  the  moisture 
of  the  air.    The  comjiosition  of  pure  gyi>sum  is,  then: 

Calcium  sulphate 79.1%     100.0  parts 

Water 20.9  26.4 

100.0  126.4 
AncI  of  pure  plaster  of  Paris  is: 

Calcium  sulphate 93.8%  100.0  parts 

Water 6.2  6.6 

100.0         106.6 
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•Potilifrin:  Walts*  Dictionary  of  Chemistry,  IV.  569. 
tjour.  of  Soc.  of  Chem.  Ind.  XVIII.  918. 
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(ivpmitc.  or  th**  nialeiial  from  wliii-h  i-enient  p 
lade,  i-oiituinB  beside  the  gypaum  eonie  twenty  p< 
tUer  iiiatei'ial.  tiut-h  as  clay,  sand  and  limeHtoi 
jiiipoxitioii  of  the  different  products  on  the  marke 
ariabli>  and  cannot  be  supposed  to  be  aiilte  in  th 
nd  n«e,  bnt  what  difference  a  greater  or  leSH  ai 
nie  or  ttilioa  or  magnesia  has  on  the  working  of 
'r  has  not  been  determined.  The  action  of  tli 
tames  as  a  whole  is  to  retard  the  time  of  settini 
uce  tlie  sti-ength  as  »(mipared  with  pui-e  jilaster 

RE  HANUFACTtrBE  OF  CEMENT  PLASTEE  AT  L 

The  kfltles  used  in  the  manufacture  of  ceraen 
t  1.tira]Hie  hold  a  charge  of  about  five  tons  withou 
ver,  and  the  run  is  made  in  about  thrpe  hours. 

One  run  was  watched  from  beginning  to  end  i 
les  taken  at  inti'i-vals  for  analyses.  The  resnlts 
allows: 


Tlic  ^;yl^!'^tc  iisrd  in  this  run  was  quite  damp  ; 
dUether  when  stjue*'?.!*!!  in  the  hand.  To  detei 
iipoiiiit  of  UHiistiin'.  a  sample  was  kept  in  a  desici 
OIK.  iiiiated  siiliiliitric  acid  for  fonr  months,  and 
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samples  were  heated  in  test-tubes  in  a  paraffin  bath  at  65°C. 
to  constant  weight. 

WATER  IN  THE  GYPSUM  EARTH. 

1.  Moisture  from  desiccator  sample. ., 15.61% 

2.  Moisture  from  test  tube  sample 15.89 

3.  Moisture  from  test  tube  sample 15.65 

4.  AVater  of  crystallization  in  No.  1 19.50 

5.  Total  water  (calculated  from  Nos.  1  and  4) 32.02 

6.  Total  water  by  direct  determination 29.95 

As  the  charge  of  five  tons  is  put  in,  an  op>eration  which 
lasts  about  two  hours  when  the  material  is  wet,  it  sinks  to 
the  bottom,  but  as  the  temperature  increases  the  powder 
rises  and  flows  in  waves  around  the  kettle  as  it  is  stirred  by 
the  agitatov.    The  kettle  at  this  stage  looks  as  though  filled 
with  a  liquid  boiling  violently.    This  is  due  to  the  expulsion 
of  the  water  of  (Crystallization.    When  the  first  part  of  the 
water  is  driven  off  the  mass  sinks  down  and  presents  a  per- 
fectly smooth  and  level  surface,  unbroken  by  bubbles.    As 
the  heat  is  continued,  a  second  boil  begins  similar  to  the 
first,  but  shorter,  and  the  thermometer  shows  a  rapid  rise 
of  temperature.    As  the  boiling  subsides  and  the  tempera- 
ture is  380-390^F.,  the  operation  is  complete  and  the  plas- 
ter is  finished. 

By  calculating  the  amount  of  water  present  on  the 
constant  basis  of  100  parts  of  the  calcium  sulphate,  as  is 
done  in  the  fourth  column  of  the  table,  we  can  follow  the 
chemical  changes  at  each  stage.  We  have  at  the  begin- 
ning nearly  60  i>arts  water,  of  which  26.4  is  water  of  crys- 
tallization.  The  first  boil  consists  in  driving'  off  the  hygro- 
scopic or  accidental  moisture  and  part  of  the  water  of  crys- 
tallization. At  the  end  of  the  first  boil  the  material  con- 
tains about  13  parts  of  water  per  hundred  of  calcium  sul- 
phate, that  is,  half  the  original  amount  of  water  of  crystal- 
lization (26.4),  has  been  driven  off.    If  we  take  the  water 
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content  as  it  is  falling  after  the  first  boil  we  have 
which  correBjiondfi  closely  to  the  theoretical  13.2,  ( 
the  water  of  crystal  lizatioii.  From  the  analyris  am 
the  behavior  of  the  gypsite  at  this  point  it  is  very  pt 
we  have  formed  at  the  end  of  the  first  stage  of  the  | 
the  nionohydrate  CaSOj.H,0,  which,  however,  has  m 
isolated. 

At  the  end  of  the  process  we  have  9.17  parts  wa 
hundred  of  sulphate,  while  theory  requires  for  pla 
Paris.  2CaS()^.HjO,  6.6.  showing  that  the  dehydra 
not  carried  quite  far  enough,  and  it  is  probably  imp 
to  complete  the  operation  without  danger  of  overl 
some  parts. 

The  cement  plaster  uiade  in  the  run  just  descril] 
the  following  composition:* 

Water ,  .     6M% 

Insoluble  residue  (silica) 5.50 

Alumina.  A1,0 59 

Ume,  CaO 37.11 

Magnesia.  MgO 1.45 

iSulphuric  acid.  SO, 43.37 

Parbonic  acid  (by  diff.) 5.05 

100.00 
These  may  be  combined  as  follows: 

Wafer 6.93^ 

Insoluble  residue  (silica) 5.50 

Alumina,  AIjO^ 59 

Magnesium  carbonate 3.04 

Calcium  carbonate 7.8fi 

Talciiim  sulphate 73.73 

Calcium  oxide 2.35 

100.00 

There  was  a  trace  of  iron  bat  too  small  to  det 

It  will  be  seen  that  there  are  not  enough  acids  to  t 

•Analysii  by  R.  B.  Moudy. 
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with  the  baseB.  This  fa<it  hag  al^o  been  noticed  by  Bailey*, 
who  attributes  it  to  the  presence  of  calcium  silicate.  This 
is  very  probable,  but  this  sample  gave  an  alkaline  reaction 
with  litmus  and  turmeric  paper,  showing  the  presence  of  a 
small  amount  of  free  lime,  })erhaps  due  to  local  overheating. 

THE  EFFECT  OF  SAND  ON  THE  CBUSHINQ  STEENGTH. 

To  determine  whether  the  addition  of  sand  weakens  or 
strengthens  the  cement  plaster,  a  series  of  tests  was  made 
on  two-inch  cubes  made  from  the  neat  cc<nient  and  cement 
mixed  with  amounts  of  sand  running  from  one-eighth  to 
one  and  three-quarters  the  weight  of  the  cement.  From  six 
to  ten  blocks  were  made  of  each  mixture,  as  in  spite  of  all 
efforts  to  secure  uniformity  there  was  a  wide  variation,  .as 
is  shown  in  the  table.  .  This  is  due  apparently  to  the 
unequal  distribution  of  minute  air  bubbles,  the  ]>resencc  of 
which  could  not  be  avoided  without  using  too  much  water 
or  otherwise  making  the  conditions  very  different  from 
those  of  practical  work. 

The  sand  used  was  obtained  from  the  Laramie  river 
and  was  composed  of  sharp  angled  granitic  fragments.  It 
was  sifted  through  a  millimeter  sieve.  In  making  the 
blocks  for  testing,  400  grams  of  the  cement  was  weighed 
out,  mixed  dry  with  the  weighed  amount  of  sand,  then  a 
measured  quantity  of  distilled  water  was  added  to  make 
the  niixtuit^  of  the  pix)per  consistency.  More  water  is  used 
for  the  same  amount  of  cement  as  the  amount  of  sand  is 
increased,  but  less  water  in  proportion  to  the  total  weight 
of  the  mixtui'e.  After  stirring  carefully  a  minute  it  was 
I>oured  into  the  gang  moulds  for  two-inch  cubes  on  a  glass 
plate  and  gently  stirred  to  remove  air  bubbles.  When  the 
plaster  was  set  the  top  was  cut  down  level  with  the  sides  of 
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the  iimltl.    Thf  tests  were  made  after  the  blocks  hH 
i-xposed  t<)  tlie  ah'  for  one  week, 

Tlie  blocks  were  cnisln-ti  in  a  Helf  regis te ring 
testing  uiacliine,  for  the  use  of  which  we  are  indrt 
Prof.  W.  ¥.  (iilkison.  Thej  ulniost  always  broke  in 
way  as  to  leave  two  irregular  four-aided  pyramid 
bnsei^  at  the  top  and  bottom,  Sinee  the  test  block 
two-hull  rubew,  the  nuDibers  given  in  the  table  ai-e 
divided  by  four  to  give  the  load  per  square  inch,  b 
is  not  exai't,  because  the  couipressive  resistance  o: 
blocks  is  greater  per  square  inch  of  surface  than  foi 
ones.* 

As  shown  by  the  table,  the  cement  plaster  is 
the  givatcr  the  pixiportion  of  saud,  although  ind 
vanatioiis  in  the  strength  of  the  blocks  even  made 
the  same  mixture  obscure  the  relation.  The  addii 
1T\  [H'rcent  sand  reduces  the  strength  about  15  percej 
<'acli  additional  25  percent  of  sand  decreases  the  st 
some  5  percent  more. 

Cements  and  mortars  can  be  tested  for  their 
ance  to  ten»i«iii  or  comprCKsion  strains,  Hoth  are  i 
iint.  hut  the  compi-ession  testn  are  not  commonly  ni 
account  of  the  greater  difflcnlty  and  expense.  Of  tl 
the  determination  of  the  compression  strength  is  p 
hie  in  the  cHsf^  of  mortars*  and  is  of  more  inten-st.  b 
so  few  of  Riuh  tests  are  on  record.  The  tensile  strci 
a  cement  is  supiiosed  to  be  om-tenth  its  compi 
strength. 

In  these  tests  Laramie  cement  plaster  without  r» 
was  used. 
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Table  I.      The  Kffect  of  Hand  on  the  Strength  of  Cement. 
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BETA&DEaa  AND  ACCELEBATOBS. 

Tlie  spiting  of  plaster  of  Paris  is  the  revers 
of  its  manufacture.  The  plaster,  2CaSO,.HjO, 
three  molecules  of  water  and  forms  gyptam,  2Ca 
The  water  fli-at  dissolves  a  little  of  the  plaster, 
orvatallizes  out  from  the  solution  in  long  need 
interlace  to  form  a  compact  mass.  The  process  ti 
in  the  courwe  of  ten  to  fifteen  minutes  for  pare  pi 
the  mass  becomes  very  warm.  The  cement  plast 
count  of  the  silica,  alumina,  lime  and  magnes 
tains,  setm  much  more  slowly  and  the  hettt  given 
■  slight.  The  process  of  setting  is  much  the  sarae 
case  of  Portland  cement,  in  which  we  have,  hov 
cium  silicate  instead  of  sulphate. 

For  ordinary  plastering  the  cement  plastei 
quickly  and  it  is  always  necessary  to  add  some 
which  will  keep  it  workahle  long  enough  to  nse  i 
as  mixed  and  to  allow  time  enough  for  finishing 
veuifHt  portion  of  the  wall.  This  time  varies  ac 
the  nse  made  of  it  and  the  habits  of  the  workmen 
customary-  to  make  up  each  lot  of  cement  plaste 
when  it  is  kno^vn  exactly  what  is  wanted. 

An  immense  number  of  different  kinds  of 
have  been  invente<l  and  patented."  They  are  all 
very  much  alike  in  composition  and  consist  essi 
soTiie  organic  matter  of  a  gluey  nature.  .\ll  coll 
as  glue,  moiaases,  blood,  starch,  etc.,  retard  the  rc 
crystalloids  (salts  which  ci^stallize  well)  a^celt 

The  action  of  retarders  is  probably  to  keep 
cnles  of  dissolved  gypsum  from  uniting  togethe 
tals,  as  it  is  well  known  that  the  presence  of  any 
stance  in  a  solution  hinders  the  formation  of  a  i 
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precipitate,  and  the  crystals  formed  are  smaller  under  such 
circumstances.  If  this  is  true,  a  retarder  must  weaken  the 
plaster,  because  its  strength  depends  on  the  inter-locking 
of  the  gvpsum  crystals.  In  all  of  our  experiments  we  have 
found  that  this  is  the  case.  From  Table  IV  it  will  be  seen 
that  the  addition  of  2  pounds  i>er  ton,  or  0.1  percent  of 
Wymore  retarder  to  Lai*amie  cement  plaster  redueed  the 
compression  strength  25.2  i>ercent,  and  on  Red  Buttes  ce- 
ment plaster  2  pounds  per  ton  weakened  it  19.6  percent,  and 
4  pounds  per  ton  27.6  percent  of  its  original  strength.  The 
use  of  S  or  10  pounds  i>er  ton  prevents  setting  altogether, 
and  the  cement  remains  soft  and  crumbly.  In  this  case 
the  c-alrium  sulphate  takes  up  the  water  of  cr>'stallization 
just  as  before,  but  the  crystals  formed  are  small  and  sep- 
arate, and  tlte  whole  mass  is  like  chalk.  *It  is  apparent, 
then,  that  it  should  be  the  object  of  the  manufacturer  to 
iifie  as  little  retarder  as  possible,  both  on  account  of  its  cost 
and  berause  it  weakens  the  plaster.  It  would  be  interest- 
ing to  test  a  large  variety  of  substances  suitable  for  re- 
tarders  to  s*^  whether  they  all  act  equally  in  diminishing 
the  strength. 

In  the  exiK*riments  re]K)rted  in  Table  II  a  number  of 

r<^tar«lers  were  used  to  s(*e  how  they  compared  in  the  time 

they  delayed  the  set.     In  Nos.  4-8,  the  retarder  used  was 

nianufartured  in  Wymoiv,  Neb.,  froiji  the  tankage  from  a 

jmrking  house  mixed  with  limestone.     It  is  of  a  butt'  color 

and  has  only  a  slight  odor.    In  9-12.  a  I'etarder  from  Webster 

<Mty,  Iowa,  was  used  which  seems  to  be  the  same.    The  re 

rarder  from  Swift  &  Co.,  Chicago,  is  of  a  yellowish  brown 
ef>lr>r,  coarsely  ground,  and  has  a  strong  odor.     The  re- 

tai'd«'r  from  Swift  &  Co.,  Kansas  City,  is  very  course,  con- 
taining hair,  fiber,  bone,  gravel,  etc.,  very  dark  in  color 
and  has  a  very  strong  and  disagreeable  odor.  The  odor  of 
wpt  cement  plaster  mixed  with  the  last  two  retarders  is 


i 
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so  stroag  and  disgusting  that  it  is  difficult  to  markc 
containing  them,  although  \\\^  odor  disappears  t 
walls  after  a  few  days. 

An  effort  was  made  to  obtain  a  cheap  and  bon 
retarder.  and  with  this  in  view  the  cartas  which  i 
abundantly  on  the  Laramie  PlainK  {Opuntia  pla 
was  dried  and  ground..  The  common  inalva  iMa 
coccinevm)  was  prejiared  in  a  similar  manner,  u 
whole  plant.  Both  these  were  of  a  light  green  c 
with  no  odor  Imt  that  of  hay.  These  were  found 
oellent  retai-ders,  nearly  as  strong  as  any  on  the 
Two  [H>uuds  per  ton  retards  the  setting  suflicit 
practical  purpoaes.  It  is  noticeable,  however,  that 
amount  does  nat  lengthen  the  time  as  much  a^  in 
of  the  other  retarders. 

day  (Wyoming  Bentonite)  and  diy  glucose  ai- 
eluded,  since  they  act  as  retarders. 

In  making  the  teats  the  finely  ground  wftardei 
curately  weighed  and  thoroughly  mixed  with  th* 
ment.  Water  was  then  added  and  the  cement  i 
glass  plate  in  a  cake  four  inches  in  diameter.  Two 
both  a  twelfth  of  an  inch  in  diameter,  were  used 
mine  the  time  of  set.  One  was  loaded  with  a  we 
quarter  of  a  pound  and  the  other  four  {lounds..  ' 
when  the  lighter  needle  ceased  to  make  a  decider 
sion  on  the  cake  is  reported  as  "first  setting,"  and 
heavier  needle  was  supported  without  indentation 
as  "hard  set."  Thi«  method  gives  results  that  are  < 
ble  with  each  other,  though  the  time  given  is  not 
rily  the  same  as  in  aetual  use,  because  stirring  and 
the  plaster  as  in  using  it  on  walls  or  for  mortar  ha 
setting  very  much. 

I.aramie  cement  plaster.  Red   Buttes  cement 
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agatite,  and  Red  Buttes  stucco  (plaster  of  Paris)  are  in- 
cluded in  the  tests. 

In  the  case  of  market  samples  the  amount  and  kind  of 
retarder  is  not  stated.  For  these  samples,  as  well  as  for 
the  information  they  have  given  us,  we  are  much  indebted 
to  Mr.  Wni.  McClary,  superintendent  of  the  Standard  Ce- 
ment Plaster  Works,  and  Mr.  J.  B.  Arthur,  secretary  of  the 
Consolidated  Plaster  Company. 

Tabi.e  II.     Effect  nf  Rctiirdera  on  Time  of  Setting. 


1 

1 

Pounds 

First    1 

Hard 

No     1 

Cement 

Retarder 

Retarder  ' 
Per  Ion 

0 
Undet.   ' 

Setting 
H.  M. 

Set 
H.  M. 

Remarks 

1 

Laramie 

•  • 

2:25 
4:40 

3:45 
5:35 

•> 

Market' sample 

a 

•« 

•  I            •• 

•< 

1 

.... 

12:00 

4 

•  1 

Wymore 

1     ! 

5:20 

6:20 

iS 

!• 

(• 

2       1 

f>:05 

7:10 

« 

«  f 

•« 

4     ; 
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1 

«  ■ 

•  1 

H 

9:50 
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Cracked  a  little 

H 

<< 

■  . 

8 

l:{:05 

•      •       •      • 

Never  harden 'd 

» 

•• 

Websjter  City 

2 

5:50 

6:30 

....     [what 

10 

*• 

<i 

4 

8:55 

10:4.'; 

Cracked  some- 

11 

■  ■ 

•< 

«        i 

1215 

•      •       •      •    J 

Cracked  badly 

12 

t« 

<i 

8 

12:35 

Did  not  set 

\:\ 

*t 

Switt,  Chicago 

1         1 

4:2(1 

5:10 
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17 

«  • 

Sw;ft,  Kansas  Clry 

1 

"       •       •       • 

5:10 

IS 

*• 

•  a                           •                          •« 

2 

;j::i5 

4:10 



19 

*• 

••                           <•                        << 

2 

4:15 

5:15 

20 

•' 

«>                           •<                      «  t 

4 

4:10 

5:16 

21 

<• 

•  •                           <  >                       • < 

4 

4:15 

5:10 

.>o 

.( 

•1                           i<                       (« 

6 

4:10 

5:00 

2:t 

*i 

■  <                            tt                       <• 

6 

3::« 

4:15 

24 

•• 

Cactus 

2 

4:05 

4:45 

25 

• 
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" 
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6 
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2X 
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1. 
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20 

k* 
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4 
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■      •      •       •              •      ■ 

;jc» 

•  ■ 

•• 

K 
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M 
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ft 
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:e 

>. 

CUy 
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:o 

<< 
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5:30 
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Table  III,     Efect  o/  Accelrralors  on  the  Time  of  Sella 


No, 

Ctnitnt 

.™,..„ 

fouadi 

Lmmit 

0.- 

Sodium  Sillphllt 
Sodium  Cirlnnaie 

AffH'k-ratoi's  are,  of  (•our8<'.  not  ut-eded  in 
plaster,  but  it  ia  important  to  know  what  stibstat 
condition))  Hliorten  the  time  of  wttiiiR.  Fmra  Tab 
appears  thiit  common  salt,  xodinin  snlphate  (plaul 
and  MHlinm  carbonate  (sal  soda)  all  accelerate  the 
flmil  Bettinn,  and  the  effect  of  wilt  is  very  decided, 
pie  of  Laramie  g.v|>8Hni  earth  taken  in  1><!IS  contai 
percent  Hodiiini  Hnl)iliate.  bnt  that  is  not  found  in 
terial  now  used. 

Of  most  importance  among  the  accelerators 
sum  itself.  If  new  planter  is  mixed  in  boxes  not  thi 
cleaned  from  the  old  plaster,  it  will  set  so  quickl; 
is  difficult  to  work,  A  very  small  proprrtion  of  pi 
ready  tw-t  will  pi-oduce  a  marked  effect. 

Tlie  use  of  a  large  amount  of  water  will  delay 
tinp  Homewhat.  Warm  water  hastens  the  netti 
much. 

Tn  the  ntanufai'ture  of  cement  iilaster  the 
should  be  thor^ui^hly  mixed  with  the  cold  plnsJt 
is  mixed  with  the  hot  plaster  just  as  it  comes  fnmi 
tie,  as  is  done  in  some  factories,  it  is  (lartly  melted 
eijually  distributed.  Ten  jKninds  per  ton  mixed  in 
does  not  have  »o  great  an  effect  as  two  pounds  mi: 

For  comparison  we  have  reported  in  Table  IV  \ 
of  tents  on  the  different  cement  plasters,  includinj 
of  which  we  had  samples.     It  wilt  be  seen  that  \ 
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been  said  of  the  weakening  effect  of  sand  and  retarders 
holds  good  for  all  the  brands  tested.  The  crushing  strength 
of  the  three  kinds  of  cement  as  marketed,  with  about  same 
time  of  setting,  is  as  follows: 

Red  Buttes  cement  plaster,  without  sand 5200 

Laramie  cement  plaster,  without  sand 40(55 

Agatite  cement  plaster,  without  sand 3550 

The  Red  Buttes  plaster  contained  numerous  soft  spots 
where  the  plaster  did  not  set,  owing  to  imperfect  burning. 
These  were  not  found  in  the  Laramie  and  agatite  plasters. 

Since  plaster  is  often  mixed  by  bulk  instead  of  weights 
it  was  necessary  to  determine  the  relation  between  the 
weights  and  meatsures,  and  the  figures  may  be  of  use  to 
others.  Although  the  individual  particles  of  plaster  are 
heavier  than  water,  yet  a  bushel  weighs  64  pounds,  or 
95  percent  as  much  as  a  bushel  of  water.  A  block  of  the 
cement  plaster  after  it  is  set  and  dry,  containing  50  parts 
sand  per  100  ^parts  of  plaster,  has  a  specific  gravity  of  1.5 
compared  with  water.  A  cubic  foot  weighs  93.5  pounds. 
The  sand  used  had  a  specific  gravity  of  1.5  and  a  ten-quart 
bucket  holds  29.5  pounds. 
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Table  IV.     A  Comparison  of  the  Strength  of  Different  t 
and  Without  Retarder  and  Sand. 
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ming  legislatiu 
ceive  this  appr 
the  acquiring  ( 
States,  and  es| 
formation  on  j 
scientific  invest 
plants  and  anii 
eases  anci  para; 
vefielable  and  a 
fruits  and  vege 
ascertain  the  h 
moisture  in  th( 
best  varieties  o' 
of  Wyoming: 


\Vtfoining  Experiment  Station. 

T  to  benefit  our  agricultural  and  grazing  inleres 
of  these  experiments  are  published  in  the  slati( 
liicli  are  sent  free  upon  request  to  residents  of  tl 


BULLETINS, 
ve  bulletins  have  been  published  during  the  fi; 
;>oo.  These  bulletins  contain  pupular  account 
of  such  of  the  investigations  by  the  station  as  v 
I  of  especial  value  to  our  farmers  and  ranchme 
technical  work  as  could  be  prepared  is  publishe 
report.  The  detailed  accounts  of  scientific  inve; 
'The  Cryptogams  of  Wyoming."  "Alkali  Stii 
ty  Tests  With  Wheat.  Oats  and  Barley."  "Son 
renients."  Forage  Plants,"  "Germination  of  W 
Treated  for  Smut,"  and  "Meteorology  for  iSq 


•,■().  4(.  Some  Extkrimknts  With  Si^bsoilc 
lis  bulletin  gives  a  general  account  of  subsoilin 
ed  effect  of  suhsoiling  on  the  conservation  of 

growth  of  cro|>s.    An  experiment  which  was  » 

ears  at  Laramie,  two  >ears  at  Lander  and  She 
ar  at  Wheatland  and  Sumlance  is  reported,  e 
It  Lander,  records  of  which  were  lost  in  trar 

indicate  that  suhsoiling  will  pay  for  root  crop; 
ul  value  in  raising  grain,  and  that  such  preparat 
oes  not  result  in  a  saving  of  moisture  or  decrea 

of  irrigating  crops  in  this  region. 

42,  Some  N.\tivic  Foh.u;e  Pi.axts  for  Alkai. 
general  review  of  the  range  areas  of  the  stat 
e  need  of  more  abundant  forage  on  alkali  plains 
leven  of  the  native  Salt  or  Sweet  Sages  are  d:si 
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illustrated  with  notes  regarding  the  abundance  and  value  of 
each  species.  Three  grasses,  winter  fat  and  one  bulrush,  which 
thrive  in  strong  alkali  ground,  are  also  discussed.  The  bulletirr 
shows  that  the  plants  are  promising  species  to  be  brought  under 
cultivation  and  especially  for  planting  on  alkali  portions  of  the 
•farm. 

No.  43.    Alfalfa  as  a  Hay  Crop. 

This  report  gives  a  brief  history  of  alfalfa,  and  instructions 
for  its  culture  in  Wyoming,  especially  at  high  altitudes  where 
it  has  been  thought  practicable  to  grow  it.  The  results  of  nine 
years'  experiments  by  the  Wyoming  Station  are  reported,  giv- 
ing the  yield  of  hay  in  several  parts  of  the  state  and  an  account 
of  the  comparative  merits  of  the  New  Turkestan  variety.  Ac- 
counts are  given  of  the  winter  killing  of  alfalfa  and  the  appar- 
ent  cause ;  the  value  of  alfalfa  for  alkali  soils,  and  of  the  ene- 
mies of  alfalfa  so  far  observed  in  the  state.  The  duty  of  water 
with  fifteen  measurements  made  by  the  station  on  alfalfa  are 
also  reported,  and  accounts  are  given  of  the  success  obtained 
with  alfalfa  by  ranchmen  who  have  tried  it  on  the  Laramie 
plains. 

No.  44.    Alfalfa  as  a  Fertilizer. 

This  bulletin  discusses  the  need  of  nitrogen  fertilizers  for 
arid  soils  and  the  relation  of  alfalfa  to  the  nitrogen  problem,  as 
well  as  its  effect  on  the  physical  condition  of  the  soil.    An  ex- 
periment carried  out  by  the  station  to  show  the  value  of  alfalfa 
as  a  fertilizer  is  reported..    It  shows  that  the  value  of  alfalfa 
hay  taken  from  the  land  was  as  great  or  greater  than  the  value 
of  other  crops  produced  on  an  adjoining  plat  of  the  same  size,. 
and  when  plowed  under  the  alfalfa  having  grown  on  the  land 
increased  the  value  of  wheat  $8  to  $12  per  acre,  oats  $16  per 
acre  and  potatoes  $16  per  acre,  at  no  cost  for  fertilizing  the  land 
in  this  manner. 


Wyoming  Experiment  Station. 
A  Phemminarv  Rkport  on  thg  Akte-sia 

OP   WVOMINO. 

■  a  brief  introduction  setting  forth  the  prima 
letin,  a  considerable  space  is  given  to  a  resun 
ology.  In  this  resiinii''  an  attempt  has  beei 
subject  of  geology  within  the  reach  of  the 
that  they  may  utilize  the  data  in  looking  up  < 
ian  conditions.  Each  formation  is  briefly 
the  prominent  fonnations  there  are  illustrati 
jssils  that  are  usually  found  in  tlie  \arious 
nation  is  also  considered  from  an  artesian  s 
■ce  has  Ijeen  given  to  the  discussion  of  wat' 
i  accompanying  this  is  a  table  of  analyses  sh 
water  that  have  Ijeen  found  in  some  of  the  : 
tabulated  statement  showing  the  general  cli 
found  in  the  various  formations.  .Artesian 
J  and  there  is  a  list  of  the  known  wells  in 
present  time.  Instructions  are  given  for  tt 
n  wells.  Following  these  topics  are  discuss! 
rtesian  basins.  The  state  has  been  subdi' 
csian  basins,  and  each  of  these  is  britfly  desi 
sian  possibilities  discussed.  There  are  also 
I  sections  to  illustrate  the  structure  of  the  v 
a  geological  map  showing  the  position  of 
eologj-  of  each.  The  bulletin  is  illustrated 
■s  and  fifteen  geological  sections.  While  tV 
cs  are  great  in  Wyoming,  the  present  de 
n  any  way  indicate  the  true  conditions.  A 
s  been  drilled  in  widely  separated  localities: 
lave  been  carefully  located:  in  fact,  the  ii 
■e  drilled  for  other  pur|>oses  than  securir 
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Plans  of  Station  Work  for  1900-1901. 


Dt;i'.\RTMENT   (»F    A(;R[CLLTL'RE    AND    HORTECLXTL'RE. 

I.     Irrigation  investigations. 

a.  Co-o|)eration  with  the  L'.  S.  DL'partment  in  the  meas 

uremeni  of  water  on  farms  and  in  seepage  investi- 
gations, 

b.  Measnrenients  of  water  used  on  experiment  farm. 

c.  Plat  experiments — different  amounts  of  water  on  the 

same  crop. 
(I.  Notes  on  sub-irrigation, 
e.  Evaporation  from  soil. 

2.  Alkali  investigations. 

a.  In  the  field — Effect  of  irrigation. 

Effect  of  green  manures. 
Economic  plants  on  alkali  soil. 

b.  In  the  laboratory. 

3.  Soil  work. 

a.  Permanent  soil  plat — Same  crop  year  after  year. 

b.  Crops  with  and  without  summer  cultivation. 

c.  Crops  with  aud  without  rotation, 
rl.  Alfalfa  as  a  soil  improver. 

e.  Fertilizer — Nitrate  of  soda. 

^.      Cereals. 

a.  Treatment  for  grain  smnt. 

b.  Oats  on  different  depth  of  plowing. 

c.  Plat  work  with  grains:     Best  varieties  of  oats  and 

wheat. 


Wyoming  Etfperiment  Station. 

Forage  crops. 

a.  Cultivated   and    native,    including   the   co- 

plats  with  the  U.  S.  Department  of  Agricu 

b.  Alfalfa — Different  rates  of  seeding  per  acre 

c.  Alfalfa  planted  with  different  grasses. 
Potatoes. 

a.  Different  amounts  of  water  used  in  irrigatio 

b.  Pedigreed  potatoes. 
Horticulture. 

a.  Hardy  fruits  at  Laramie  and  fruit  notes  a 

and  Sheridan. 

b.  Garden — small  amount  of  variety  work. 

c.  Asparagus  on  alkali  and  good  land. 

d.  Native  trees  and  shrubs, 

e.  Co-operative  experiment  in  ecology. 
Pigs  on  alfafa,  artichokes  and  pease. 
Entomology. 

a.  Honey  bees  at  Laramie. 

b.  \otes  on  injurious  insects  (Collections  and  e? 
Studies  of  wheat. 

THE  BOTANIST. 
Field  work  ujKtn  the  plants  of  the  state  continue<l  ■ 
cial  reference  to — 

a.  Forage  plants. 

b.  Parasitic  fungi. 

c.  Edible  fleshy  fungi. 

d.  Ornamental  shrubs. 

e.  Herbaceous  perennials  suitable  for  flower  ga 

f.  N'ative  fruits. 

\s  for  1899,  continued. 
\s  for  1899,  continued. 
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THE  CHEMIST. 
Effect  of  alkali  on  gennination  of  seeds. 
Analysis  of  soil  and  alkali. 
Analysis  of  alkali-resisting  plants. 
Analysis  of  irrigation  water. 

THE  GEOLOGIST. 
Completion  of  the  preliminary  bulletin  on  the  artesian  ba- 
sins of  the  state. 

The  origin  of  alkali. 

( 1 )  The  geological  location  of  these  salts  and  their  rela- 

lation  to  the  various  terranes. 

(2)  The  way  alkali  finds  its  way  into  the  soils. 

(3)  Preventing  further  accumulation  if  possible. 

Wind  erosion  and  its  relation  to  soil  formation  in  the  arid 
districts. 

To  complete  the  preliminary  work  on  the  birds  of  Wyoming 
and  arrange  notes  for  publication. 

THE  PHYSICIST  .\ND  METEOROLOGIST. 

Movement  of  alkali  in  soils. 

Evaporation  of  moisture  from  the  surface  of  soils. 

Effects  of  mulching  the  soil  to  various  depths  on  the  evapo 

ration  of  moisture. 
Study  of  terrestrial  radiation  and  sunshine. 
Observation  upon  the  direction  and  force  of  air  currents  at 

Continuation  of  the  work  of  making  meteorological  ob- 
servations and  co-operating  with  the  slate  and  the 
Umted  States  weather  service. 
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Report  of  Station  Council. 

REPORT  OF  THE  DIRECTOR. 
taTion  Cul'ncil— What  It  Is. — The  or 
.he  Agricultural  Ex|>erimeiit  Station  maim 
government  in  connection  with  the  unive 
1  explained  on  a  preceding  page.  !t  is  th 
arch  of  the  College  of  Agriculture  of  the  I 
g.  Besides  Iheir  regular  work  in  the  cla 
ors  of  agriculture,  botany,  chemistry,  ph; 

also  members  of  the.  staff  on  our  Statior 
iged  along  their  several  lines  of  investigatit 
1  the  experiment  work  of  this  govemmen 

professors  of  natural  science,  together 
■  the  university,  who  is  director  of  the  sta 
y  of  the  board  of  trustees,  who  is  the  secret; 
n  the  Station  Council,  This  body  passes  o; 
ing  to  station  work  in  the  way  of  experii 
h,  and  its  recommendations  are  then  refen 

executive  committee  of  the  board  of  trusi 
lis  of  work  by  the  heads  of  departments  art 
accepted,  modified  or  rejected  by  the  Stati 
item  insures  the  co-operation  of  the  staff 
d  prevents  scattered  work  and  misappli 
ulletins  published  by  the  station  are  first  rt 

Council  and  each  member  is  free  to  cri 
;  point  of  fact,  extravagant  statenienl  or  tl 
it  of  the  matter :  and  finally  the  bulletin 
ed  and  recommended  to  the  Agricultural 
of  the  Board  of  Trustees  for  publication. 
I   for  revision,  or  be  entirely  rejected. 
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jcen  the  general  policy  governing  the  station  since  its  organiza- 
ion  :  and  the  fact  that  the  workers  have  been  a  unit  force,  and 
,0  have  made  a  combined  attack  on  the  important  agricultural 
jrohlems  from  all  sides  at  the  same  time,  has  contributed  largely 

0  their  success  heretofore. 

What  It  Duks. — The  study  and  research  of  the  station 
ire  made  as  practical  as  possible,  and  have  to  do  with  the  prob- 
lems which  in  our  opinion  are  of  most  importance  to  the  farm- 
ers of  the  state.  For  example,  the  subject  of  irrigation  and  the 
ilkali  problem  have  been  given  much  attention.  At  the  pres- 
;nt  time,  so  far  as  we  can  we  are  co-operating  with  the  Depart- 
nent  of  Agricidtiire  at  Washington  in  the  new  irrigation  work 
leing  done  under  the  direction  of  Mr.  Elwood  Mead,  who  has 
xtn  for  a  number  of  years  the  efficient  State  Engineer  of  Wyo- 
ning,  and  is  now  connected  with  the  Office  of  Experiment 
Stations.  The  results  of  our  work  are  being  published  from 
;ime  to  time.  The  carefully  prepared  bulletins,  based  as  they 
ire  upon  as  thorough  work  as  we  can  do,  are  offered  to  the  peo- 
ale  with  the  belief  that  they  contain  nothing  but  reliable  in- 
formation, upon  which  the  greatest  dependence  may  be  placed. 

The  widely  scattered  population  of  the  state  has  made  it 
ilmost  impossible  for  the  station  to  come  into  direct  contact 
ivith  our  farmers.  The  fanning  communities  are  naturally 
located  in  the  places  most  favorable  to  agriculture,  and  are 
;ometinies  separated  from  one  another  by  mountain  ranges  and 
ojifi  distances;  and  with  the  funds  at  our  command  and  the 
imall  number  of  our  station  workers  it  has  so  far  seemed  im- 
)racticable  to  do  any  general  farmers'  institute  work.  How- 
rver,  when  the  time  comes  that  it  is  possible  for  us  to  engage  in 
his  kind  of  work,  we  shall  be  glad  to  undertake  it ;  because  we 
)eHeve  it  will  prove  most  valuable  in  bringing  the  farmers  and 
)ur  station  into  closer  relation  with  each  other.  The  station 
vorkers  would  then  become  better  acquainted  with  the  farm- 
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:,  and  the  information  offered  by  the  station 
light  before  the  attention  of  the  farmers. 

Farm  and  Buildings. — When  the  station 
by  Dr.  A.  C.  True,  Director  of  Experiment 
on,  D.  C,  he  made  some  valuable  sug^stio 
fie  enlargement  of  our  experiment  farm  at 
hat  irrigation  experiments  might  be  more  es 
n.  Accordingly  our  original  forty  acres  hi 
eased  by  a  donation  of  an  additional  eighty 
1  water  right  for  the  same,  from  the  Wyom 
and  Improvement  company.  This  land  is  ] 
tion  to  be  held  so  long  as  it  is  used  for  exp 
and  fills  a  long  felt  want  in  supplying  land 
an  adequate  scale  to  furnish  results  of  val 
This  land  has  been  fencetl  and  forty  acre 
to  crops  this  year.  The  station  buildings  ar 
cottage,  a  tool  shed,  and  a  shed  used  as  a  b: 
d  a  barn  and  green-house  on  the  university 
is  well  equipped  with  implements  and  all  ne 
The  great  need  of  the  station  is  a  good-size 
itore  farm  implements  and  grain,  and  to  proi 
ling  and  winnowing  of  seeds  indoors. 

only  the  amount  which  can  be  used  each 
lurposes  from  the  Hatch  fund  ($750)  it  is  no 
lore  than  in  a  very  small  way,  and  it  would  ; 
will  need  to  make  some  provision  in  the  ne 
commodious  buildings  for  the  station.  Parti 
in  case  any  work  is  begim  in  animal  industr 
ecessary  to  add  to  the  buildings  at  consider 
has  come  when  it  would  seem  to  be  necessa 
:o  take  some  steps  in  this  direction,  in  orde 
ids  of  the  stockmen  in  this  stock-growing  stj 
director  would  beg  to  offer  the  following  si 
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iVhen  the  vote  of  the  last  legislature  shall  have  been  carried 
nio  efEect  and  the  present  buildings  in  Laramie  now  occupied 
s  a  penitentiary  shall  have  been  abandoned  for  the  new  state 
luilding  at  Rawlins,  will  it  not  be  practicing  a  wise  economy 
or  the  next  legislature  to  turn  over  the  old  grounds  and  build- 
ngs  in  Laramie  to  the  State  Agricultural  College  of  the  Uni- 
ersity  of  Wyoming?  And  by  so  doing,  would  not  the  state 
how  its  good  faith  in  receiving  the  generous  donation  from  the 
ederal  government  through  the  Hatch  fund  ? 


REPORT  OF  AGRICULTURIST  AND  H0RTICUUTURI8T. 
The  bulletins  issued  from  this  department  during  the  year 
'ere  Xo.  41,  "Some  Experiments  With  Subsoiling;"  No.  43, 
Alfalfa  as  a  Hay  Crop,"  and  Xo,  44,  "Alfalfa  as  a  Fertilizer." 
he  following  special  papers  have  been  prepared  to  accompany 
lis  report:  "Alkali  Studies  V,"  "Some  Water  Measure- 
lents."  "Xariety  Tests  with  Wheat.  Oats,  and  Barley,"  "For- 
je  I'lanls."  and  "Gennination  of  Wheat  and  Oats  Treated  for 
mut."  The  work  as  planned  for  the  )ear  ha«  been  quite  fully 
irried  out.  We  have  continued  measurements  of  water  on 
le  station  farm,  and  in  co-operation  with  the  Office  of  Ex- 
Timent  Stations  of  the  L".  S.  Department  of  .Agriculture,  we 
easured  the  water  used  on  the  farms  of  Mr.  C.  W.  Webber 
id  Air.  J.  W.  Sigman.  During  last  August  I  rated  the  Lara- 
ie  river  with  all  its  tributaries  and  distributaries  from  Woods 
inding.  where  the  river  flows  on  to  the  I-aramie  plains,  to  a 
lint  below  McGill's  ranch,  where  the  river  leaves  the  plains, 
lis  H-ork  was  done  under  the  auspices  of  the  L",  S.  Depnrt- 
;nt.  and  a  report  of  the  same  has  been  made  to  Prof.  Ehvood 
ead. 

Enlargement  of  the  experiment  farm  enabled  us  to  inaugu- 
;e  some  new  exjieriments  in  irrigiation.  Eleven  acres  of  the 
w  land,  which  lies  just  south  of  the  original  forty-acre  plat, 
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was  set  aside  for  investigations  of  the  amount  of  wj 
sarv  to  produce  a  maxiinuni  crop.  This  plat  has  bei 
into  three  parts  and  different  amounts  of  water  applii 
Oats  were  planted  the  first  year  after  the  sod  was  br; 
resnhs  of  the  first  year's  measurements  have  i>een  coit 
(;ive  information  of  mnch  interest.     During  the  ye 


l^leted  a  design  for  a  special  water  register  which 
larger  an<l  more  accurate  methods  of  our  water  me 
on  the  station  farm.     One  of  these  registers  has  b 
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facmrcd  for  us  by  W.  and  L.  E.  Giirley,  and  while  it  did  not 
arrive  in  time  for  the  first  irrigation  it  will  be  installed  for  other 
measurements  of  water  used  on  small  plats  on  the  fami.  This 
instniment  records  the  actual  depth  of  the  water  flowing  over 
Ihe  weir  and  the  time  is  represented  on  a  scale  of  from  one- 
fourth  inch  to  one  inch  for  each  hour.  The  clock  which  turns 
the  cylinder  is  provided  with  the  ordinary  clock  face  and  hands. 
A  glance  will  satisfy  the  observer  that  the  position  of  the  pen 
an  the  record  sheet  corresponds  to  the  clock,  which  gives  a  dou- 
ble check  on  the  tiTiie.  An  upright  rod  from  the  float  is  supplied 
with  a  sliding  scale  which  can  be  set  at  the  zero  point  when  the 
*ater  reaches  Ihe  height  of  the  base  of  the  weir,  and  the  posi- 
lion  of  the  pen,  which  is  attached  to  the  cord  from  the  float,  is 
tdjustabic.  This  gives  a  double  check  on  the  position  of  the 
jase  line  and  the  depth  of  the  water  flowing  over  the  weir. 
fhese  improvements,  along  with  the  increased  size  of  the  rec- 
)rd.  insure  that  accuracy  of  measurement  which  is  so  essential 
n  scientific  investigations.  The  accompanying  illustration 
rives  a  very  good  idea  of  this  special  purpose  register.  During 
he  year  we  also  purchased  one  of  the  Mead  water  registers. 
nd  three  Other  instruments  were  loaned  the  station  from  the 
rrigation  investigation  section  of  the  Office  of  Experiment 
itations.  A  Mead  nilometer  belonging  to  the  station  has  been 
aaned  for  the  co-operative  experiment  station  exhibit  at  the 
'aris  fair. 

The  alkali  investigations  have  been  continued  during  the 
ear.  The  principal  field  work  along  this  line  has  been  the 
rowth  of  economic  plants  on  alkali  soil.  The  Dwarf  Essex 
ape  has  succeeded  admirably  on  strong  alkali  land.  This  plant 
.  rapidly  coming  into  favor  in  many  sections  of  the  country  as 
stock  foHxl,  principally  for  pasturing.  Mr.  Fairfield,  who  is 
;sistant  in  this  department,  states  that  his  cow  made  regular 
lily  visits  to  that  part  of  the  farm  during  the  winter,  eating  the 
ipe  as  long  as  any  of  it  was  alxjve  ground.    The  effect  on  the 
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d  butter,  however,  was  decidedly  unpleasant, 
it  recommend  the  plant  as  a  winter  pasture  I 
1  the  laboratory  an  experiment  to  show  the  c 
IS  of  sodium  and  potassium  sulphates  and  chlo 
lination  and  plant  growth,  when  the  salts  were 
ths  represented  by  equal  osmotic  pressures,  i 

A  report  of  this  experiment  will  be  found  at 
port,  published  as  "Alkali  Studies  V," 
permanent  soil  plat  work  has  been  continued 
d  in  addition  a  field  experiment  on  "Alfalfa  a 
he  results  of  which  were  published  in  Bulletin 
:h  varieties  of  small  grains  was  also  continued. 

four  years'  tests  which  have  been  carried  c 
.ins  Jiave  given  sufficient  data,  and  that  it  will 
:  the  work  by  eliminating  all  but  the  most  pi 

which  seem  worthy  of  larger  field  trials.  F 
Ir.  Fairfield  has  prepared  a  series  of  tables  wh 
s  of  these  trials  of  the  varieties  of  wheat,  oats  j 
se  tables  are  published  as  a  special  paper  in  coi 
re|»rt.  Some  of  the  Russian  grains  fumishei 
^nt  of  Agriculture  are  promising  for  this  re| 
A'o  varieties  of  oats,  which  gave  heavy  yields. 
work  with  forage  crops  is  resulting  in  data  of  r 
I  importance.  A  report  has  been  made  to  the  ] 
tology  on  the  varieties,  seed  of  which  were  fi 
)ivision,  and  a  brief  account  of  the  co-operal 
•k  has  been  prepared  for  this  report.  ( See  " 
:h  Forage  Plants.") 

fertilizer  e.\periment  with  potatoes  was  contir 
This  was  a  trial  with  potassium  chloride  and  s 
itrate,  and  barnyard  manure  for  the  improv* 
0  crop.  So  far  as  studied  the  results  are  i 
ious  year  the  salts  reduced  rather  tlian  incre 
[itatoes.    Without  more  favorable  results  froi 
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rials  these  commercial  fertilizers  cannot  be  recommended  for 
lotatoes  on  the  Laramie  plains. 

Some  haniy  fruits  have  been  planted  at  Laramie,  and  the 
lork  with  celery,  and  pedigreeing  potatoes  has  been  cantinued 
n  a  small  way. 

A  few  insects  have  been  exchanged  during  the  year.  A 
pecial  experiment  with  varieties  of  wheat  at  Lander  and  Sheri- 
lan  failed  at  both  places.  At  Sheridan  the  grains  were  doing 
(Tell  when  destroyed  by  hail.  At  Lander  the  seed  was  held  in 
he  express  office  so  long  that  it  was  too  late  to  plant  it  when 
eceived  and  it  was  held  over  till  the  present  season. 

The  sub-station  farm  at  Lander  has  been  rented  to  Mrs. 
!arrie  B.  Meyer,  who  pays  a  small  cash  rental  and  agrees  to 
ontintie  the  experimental  work  with  fruits  as  well  as  special 
■iais  of  varieties  of  wheat.  The  Sheridan  farm  has  been  leased 
:>T  one  year  to  Mr.  A.  E.  Baker,  who  also  pays  a  small  cash 
;ntal  and  carries  on  some  additional  experimental  work.  This 
ear  Mr.  Baker  is  to  report  the  weather  observations,  keep  notes 
n  the  fruits  and  furnish  such  reports  of  the  same  as  may  be 
:quired. 

The  permanent  improvements  made  on  the  station  farm 
iiring  the  past  fiscal  year  have  been  as  follows :  The  general 
)pearance  of  the  fann  has  been  greatly  improved  by  laying  out 
drive  past  the  principal  plats  and  connecting  the  new  part  of 
e  farm  with  the  old.  Some  combined  culverts  and  division 
ites  for  water  have  been  put  in  across  these  drives  and  addi- 
>nal  gates  for  water  have  been  constructed  for  other  places 
fiicli  improve  the  facilities  for  handling  irrigation  water.  A 
arm  kitchen  was  built  on  the  farm  cottage  at  a  cost  of  about 
25,  Two  root  cellars  were  constructed,  one  in  connection 
ith  the  farm  house  for'  the  use  of  the  superintendent  arid  a 
-ger  one  for  potatoes,  at  a  total  cost  for  the  two  of  less  than 
5  for  material.  The  well  on  the  farm  was  sunk  from  a  depth 
168  feet  to  a  total  depth  of  300  feet.    Caving  material  was 

—(6) 
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gh  at  a  depth  of  about  210  feet,  making  it  neces- 
ht  well  before  drilling  could  be  continued.  A  sup- 
was  obtained,  but  not  yet  having  passed  through 
iring  formations  (probably  Fort  Benton),  tlieiva- 
r  use.  The  water  was  analyzed  by  Mr.  A.  H.  Dan- 
ant  in  this  department,  who  found  it  to  contain  a 
grams  salts  per  liter.  Of  this  amount  1.2  grams  U 
\.y  grams  NajSO,.  One-half  mile  from  ihe  fami 
vas  obtaiifed  at  a  depth  of  less  than  200  feet.  It  is 
can  obtain  a  good  supply  by  going  one  or  two  hun- 
per  than  the  present  depth  of  the  well. 
hed  32  feet  by  14  feet  in  which  to  store  implemenb 
:t  to  the  shed  barn.  This  shed  should  be  improve"! 
ver  the  cracks  before  another  winter.  A  conuno- 
jilding  is  becoming  a  great  necessity  and  the  pres- 
the  work  can  hardly  be  enlarged  until  some  provis- 
for  such  <niarters.  The  permanent  improvement 
1  can  lie  used  from  the  Hatch  fimd  is  so  small  in 
ig  only  five  percent,  or  $750  each  year,  that  liulf 
vith  it  toward  a  suitable  bnilding,  and  it  seenis  that 
esary  for  the  legislature  to  make  an  appropriation 
am.  So  far  as  I  know,  Wyoming  is  the  only  stale 
legislature  has  not  aided  its  experiment  station  in 
I'av.  The  live  slock  interests  are  paramount  in 
id  should  receive  their  share  of  attention  by  the 
ore  investigation  in  animal  industry  can  be  taken 
:  necesary  that  some  additional  equipment  be  pro- 
/yoming  is  to  keep  in  line  with  sister  states  she 
delay  making  such  provision.  Five  thousand  or 
dollars  appropriated  by  the  legislature  would  erect 
:k  barn  and  i>rovide  a  good  water  supply, 
eral  equipment  has  been  increased  by  the  purchase 
register  mentiond  al)ove :  a  boat  which  can  be  use^l 
f  seepage  and  studies  of  current  meters;   a  Price 
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current  meter  for  rating  streams;  a  new  Syi  x  8J/2  Korona 
camera  with  Turner-Reich  convertible  lens;  a  Deering  horse 
rake  for  the  farm ;  hayfork  and  elevated  cable  for  stacking  al- 
falfa ;  New  Havana  press  drill ;  alfalfa  plow ;  team  and  har- 
ness. One  of  the  horses  purchased  for  the  farm  died  and  an- 
other horse  was  obtained.  Two  teams  have  been  kept  very 
busy  through  the  spring  months.  During  the  year  a  number  of 
new  books  on  agriculture,  horticulture  and  irrigation  have  been 
added,  and  our  department  collection  is  now  of  considerable  im- 
portance as  a  working  agricultural  library. 

The  work  in  this  department  has  been  actively  pursued 
during  the  year.  The  general  conditions  of  the  work  were  quite 
fully  stated  in  our  ninth  annual  report.  We  have  had  more 
and  better  help  than  ever  before.  Mr.  Fairfield  has  relieved 
me  of  the  details  of  the  farm  work  and  during  the  winter  has 
been  active  in  working  up  crop  areas  and  yields  and  transfer- 
ring the  day  notes  to  crop  record  books.  This  makes  them 
available  and  puts  them  into  ])ermanent  form.  The  notes  and 
records  are  more  nearly  brought  up  to  date  than  ever  before. 

Mr.  A.  H.  Danielson,  w^hose  services  were  secured  last 
year,  has  made  himself  almost  indispensable.    He  has  ably  as- 
sisted with  much  of  the  work  of  this  department  and  has  given 
considerable  time  to  other  things  for  the  institution.     He  went 
into  the  field  during  the  early  part  of  last  season  to  assist  with 
the  irrigation.    The  new  farm  plats  and  ditches  have  been  sur- 
veyed and  platted  by  him.    Under  instruction  he  has  cared  for 
the  greenhouse  work  and  had  charge  of  the  alkali  investigations 
reported  as  "Alkali  Studies  V"  in  this  report.    He  has  computed 
the  measurements  of  water  and  ratings  made  in  the  seepage 
investigations;    has  done  much  typewriting  and  general  office 
work   and  relieved  me  of  the  larger  part  of  the  photograph 
work  which  has  been  done  in  the  office  for  the  station  and  to 
meet  other  demands. 

The  station  has  been  fortunate  in  retaining  the  services  of 
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nan  as  farm  foreman.  He  has  done  the  larger 
n  work,  relieving  Mr.  Fairfield  50  he  could  give 
to  the  taking  of  notes  and  general  management, 
as  also  assisted  me  by  making  tabulations,  fur- 
:)ni  the  bulletins  which  have  been  published,  and 
tions  from  the  irrigation  register  sheets.  He 
xperiment  in  caponizing  chickens, 
stenographer  has  aided  in  the  office,  and  while 
■  the  larger  part  of  the  year  has  not  been  so  effi- 
be  wished,  it  has  easily  been  worth  the  small 
r  such  services. 

represented  the  experiment  station  at  the  meet- 
;rican  Association  of  Agricultural  Colleges  and 
ttions,  in  San  Francisco,  where  I  presented  a  pa- 
;  of  the  results  of  our  work  in  alkali.  In  Septcm- 
jate  to  the  National  Irrigation  Congress,  held  in 
:..  where  T  presented  a  brief  account  of  our  wott 
d  alkali  investigations. 

g  the  fact  that  a  part  of  my  time  has  been  given 
the  Agricultural  College  and  University,  along 
i  committee  work,  a  comparatively  large  amount 
:  has  been  accomplished.  A  mimber  of  articles 
en  for  state  and  other  papers.  A  series  of  charts 
japer  on  alkali  and  a  set  of  photographs  were 
lie  Collective  Experiment  Station  exhibit  at  the 
article  on  horticulture  in  Wyoming,  witli  a  hor- 
)f  the  state,  was  prepared  for  the  American  Cy- 
ticiiltnre.  A  report  on  progress  of  horticulture 
.American  Pomological  Society,  of  which  I  am 
nd  vice  president  for  Wyoming.  I  was  ably  iS- 
ing  data  for  this  report  by  some  horticulturists 
nks  being  especially  due  Mr.  C.  A.  Manning  oi 
y,  who  has  taken  much  interest  in  the  reports 
Ktety  and  furnished  apples  for  notes  and  meaf- 
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urements.  Mr.  John  Gordon  of  Cheyenne  has  on  two  or  three 
occasions  sent  apples  from  his  Horse  creek  ranch  for  determina- 
tion. So  far  as  we  have  been  able  to  secure  information  of  ap- 
ples fruiting  in  the  state  at  the  close  of  last  season,  the  number, 
including  crabs,  reached  eighteen  varieties. 

In  closing  this,  my  last  annual  report  for  the  Wyoming  sta- 
tion, L  wish  to  express  my  appreciation  of  the  kindness  and 
support  of  the  Board  of  Trustees  and  the  Director,  the  friend- 
ship and  willing  co-op)eration  of  the  members  of  the  station 
staff,  and  the  good  counsel  and  ready  help  of  the  Secretary  and 
Librarian.  My  relations  to  co-workers  in  the  station  and  to  the 
people  of  the  state  for  the  nine  and  a  half  years  of  residence 
have  furnished  only  pleasant  recollections  which  will  accom- 
pany me  to  my  new  field  of  labor.  I  find  it  impossible  to  ade- 
quately express  my  heartfelt  thanks  to  associates  for  the  many 
kindnesses  which  have  been  extended  to  me. 


REPORT  OF  THE  BOTANIST. 

During  the  year  now  closing  some  progress  has  been  made 
in  each  of  the  several  lines  of  work  that  had  been  planned  for 
the  year,  but,  on  some  of  these,  progress  only  can  be  reported. 

The  summer  vacation  of  1899  was  spent  in  Yellowstone 
National  Park  and  resulted  in  a  very  extensive  collection  of  the 
native  plants — by  far  the  most  extensive  ever  made  in  that  rt*. 
gion.  Upwards  of  1400  numbers  were  secured,  representing* 
between  20,000  and  25,000  specimens.  Of  these,  the  type  set 
(some  1400  specimens)  has  been  placed  in  this  (The  Rocky 
Mountain  Herbarium)  herbarium.  Of  the  others,  some  have 
been  sold  to  meet  the  expenses  of  the  expedition,  while  others 
have  been  used  in  making  exchanges  to  the  advantage  of  the 
herbarium. 

The  very  considerable  number  of  new  species  have  been 
published  or  are  in  course  of  publication.    Among  the  papers  is- 
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sued  are  numbers  VIII  to  XII  of  the  series  in  the  BuWetin  of 
the  Torrey  Botanical  Club,  entitled  **Xew  Plants  from  Wyo- 
ming." There  have  also  been  issued  during  the  year,  papers  as 
follows:  In  Erythea  (July),  "New  Species  in  Oreocar\'a  and 
Its  Allies;"  in  Botanical  Gazette  (Aug.),  "Some  Species  of  Te- 
traneuris  and  Its  Allies;"  (Dec),  "Some  Rocky  Mountain 
Chyrsothamni ;"  (Feb.),  "A  New  Violet :"  in  the  Plant  World 
(Mar.),  ** Popular  Ignorance  Concerning  Botany  and  Botan- 
ists; in  Asa  Gray  Bulletin  (April),  "Notes  Upon  the  Flora  of 
Yellowstone  Park." 

One  bulletin,  No.  42,  "Some  Forage   Plants  for  Alkali 
Soils,"  has  been  issued  from  this  department. 

The  investigation  of  the  native  fungi,  which  has  had  some 
attention  for  the  past  few  years,  has  resulted  in  the  accumula- 
tion of  a  collection  upon  which  may  be  based  a  preliminary  re- 
port. While  the  collection  is  far  from  complete,  it  gives  a  fair 
idea  of  what  parasitic  forms  flourish  under  the  climatic  condi- 
tions which  pre  vial  in  this  state.  Believing  that  it  might  be  of 
interest,  the  other  Cryptogams  are  also  included  in  the  anno 
tated  list  which  is  published  as  part  of  the  tenth  annual  Tc\x}n 
of  the  experiment  station. 


REPORT  OF  THE  CHEMIST. 

Most  of  the  work  during  the  year  has  been  the  continua- 
tion of  the  study  of  the  effect  of  alkali  on  plant  life.  The  pre- 
vious ex]ieriments  showed  that  an  important  factor  in  the  re- 
tardation of  the  germination  of  seed  caused  by  alkali  was  thi 
osmotic  pressure  of  the  solution  of  salts  in  the  soil,  and  the 
investigations  carried  on  this  year  proved  that  osmotic  pressure 
has  the  same  effect  on  growing  plants. 

A  number  of  analyses  of  soils  and  alkalies  were  made  dur- 
ing the  year  and  a  series  of  analyses  of  the  water  of  the  Lara- 
mie river  was  made  for  the  Department  of  Agriculture  to  de- 
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termine  the  increase  in  alkali  content  and  accumulation  of  silt 
by  the  passage  of  the  river  through  the  Laramie  plains. 


REPORT  OF  THE  GEOLOGIST. 

During  the  past  four  summers  I  have  paid  special  atten- 
tion to  the  artesian  basins  in  Wyoming,  and  as  a  result  of  this 
work  1  have  finished  a  bulletin  entitled  "A  Preliminary  Report 
on  the  Artesian  Basins  of  Wyoming.  This  bulletin  comprises 
about  200  pages,  is  well  illustrated  and  is  also  accompanied  with 
a  geological  map.  The  map  not  only  portrays  the  geology  of 
the  state  but  also  gives  the  location  of  the  artesian  basins. 

In  adidtion  to  my  other  duties  I  have  spent  considerable 
time  in  studying  and  collecting  l)irds.  I  have  on  hand  at  the 
present  time,  ample  material  to  publish  a  bird  bulletin. 
Our  collection  numbers  between  400  and  500  skins.  I  have  se- 
cured all  of  the  publications  that  I  can  fin.l  relating  to  Wyoming 
birds  and  have  also  collected  all  other  valuable  data.  The  num- 
ber of  birds  known  to  Wyoming  is  nearly  300  species.  The  bird 
bulletin  can  be  published  as  soon  as  ordered. 

The  work  on  the  origin  and  geological  occurrence  of  alkali 
in  Wyoming  has  received  some  attention  ;  but  not  enough  data 
has  been  collected  to  warrant  the  publication  of  a  bulletin. 

For  a  number  of  years  I  have  carried  on  the  study  of  wind 
erosion  and  its  relation  to  soil  making.  These  data  have  been 
secured  while  doing  other  work  in  various  parts  of  the  state. 
I  hope  to  secure  sufficient  information  during  the  coming  sum- 
mer to  warrant  the  publication  of  a  bulletin  during  the  year 
1901. 

]\Iv  field  work  for  this  summer  will  include  the  studv  of 
wind  erosion  and  its  relation  to  soil  making,  and  the  origin  of 
alkali  and  its  geological  occurrence. 
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REPORT  OF  THE  METEOROLOGIST  AND  PHYSICIST. 

Observations  in  the  Meteorological  Department  have  been 
taken  of  the  relative  humidity,  maximum  and  minimum  tem- 
peratures, pressure  of  the  air,  rainfall,  snowfall,  velocity  and 
direction  of  the  wind,  evaporation,  percentage  of  sunshine,  and 
temperature  of  the  soil  at  various  depths.  All  observations, 
except  amount  of  rainfall  and  snowfall,  are  taken  each  day  at 
7  a.  m.  and  7  p.  m. 

In  the  Department  of  Physics  the  following  are  some  of 
the  problems  which  are  being  investigated  as  rapidly  as  circum- 
stances will  permit: 

Movement  of  alkali  in  soils. 

Evaporation  of  moisture  from  the  surface  of  soils. 

Effects  of  mulching  the  soil  to  various  depths  on  the  evap- 
oration of  moisture. 

Study  of  terrestrial  radiation  and  sunshine. 

The  following  were  the  most  important  pieces  of  apparatus 
purchased  during  the  year :  Sixteen  galvanized  iron  tubes,  a 
portable  lantern  stand,  opaque  screen,  straight-line  diffraction 
grating,  focusing  lens,  parallel-beam  nozzle,  apparatus  fot 
showing  Newton's  rings,  direct  compound  prism,  photochromo- 
scope,  polariscope,  model  of  pendulum  clock,  two  sets  oi 
gramme  weights,  Barker's  mill,  labial  whistle  with  movable 
membrane,  refraction  apparatus,  Melonie's  apparatus,  thermo- 
pile, electroscope,  apparatus  for  electrolysis,  three  Crook's  tubes, 
manometer,  twelve  burettes,  fourteen  nests  of  beakers. 
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UNIVBRSITY  OP  WYOMING, 

AGRICULTURAL  EXPERIMENT  STATION, 

LARAMIE,  WYOMING, 

...  In  Account  With  .  .  . 

THE  UNITED  STATES  APPROPRIATION,  1899-1900. 

DR. 
To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal  year 
ending  June  30, 1900,  as  per  Act  of  Congress 
approved  March  2,  1887 $15,000.00 

CR. 

By  Salaries I  2,875.00 

Labor ' 5,032.76 

PublicaUon 1,143.53 

Postage  and  stationery 383.08 

Freight  and  express 316.81 

Heat,  light  and  water 932.02 

Chemical  supplies 423.58 

Seeds,  plants  and  sundry  supplies 592.57 

Feeding  stuffs 22.00 

Library 64.09 

Tools,  machinery  and  implements 363.17 

Furniture  and  fixtures 387.44 

Scientific  apparatus 485.58 

Live  stock 300.00 

Traveling  expenses 986.30 

Contingent  expenses 40.82 

Building  and  repairs 750.00 

""  Total 115,000.00     $15,000.00 

We,  the  undersigned,  duly  appointed  auditors  of  the  cor- 
poration, do  hereby  certify  that  we  have  examined  the  books 
and  accounts  of  the  University  of  Wyoming  Agricultural  Ex- 
(7)- 
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periment  Station  for  the  fiscal  year  ending  June  30.  lyoo;  that 
we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the  treasurer  of  the  United 
States  are  shown  to  have  been  $15,000  and  the  corresixmdiiig 
disbursements  $15,000;  for  all  of  which  proper  vouchers  arc 
on  file  and  have  been  by  us  examined  and  found  correct,  th\h 
leaving  no  balance  on  hand. 

And  we  further  certify  that  the  expenditures  have  beeii 
solely  for  the  purposes  set  forth  in  the  Act  of  Congress  ap- 
proved March  2,  1887. 

Signed:     S.  C.  Parks. 

Henry  L.  Stevens, 
[seal]  .  '  'Auditors. 

SUPPLEMENTARY  STATEMENT. 

DR.  Farm 

To  receipts  from  other  sources  than  the  United      Products.     Total. 

States  for  the  year  ending  June  30.  1900 $340.35      f 341.35 

CR. 

Traveling  expenses 17.71  17.71 

Buildings  and  repairs 322.64        322.fi4 

Total 1340.35 


ALKALI  STUDIES,  V. 

By  B.  O.  BUFFUM.  M.  8  .  and  E.  E.  8L0880N.  M.  8. 


PUBLISHED  AS  PART  OF  THE   TENTH    ANNUAL   REPORT   OF  THE 

WYOMING    EXPERIMENT  STATION. 

JULY,  1900. 


LARAMIE,  WYOMING. 
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Alkali  Studies,  V. 


BY  B.  C.  BUFFUM  AND  E.  E.  SLOSSON. 


The  papers  giving  results  of  alkali  investigations 
which  have  been  published  heretofore  by  the  Station  are 
Bulletin  No.  29;  '^\lkali,"  Bulletin  No.  39;  ^* Alkali  Studies 
Ii;'  **Alkali  Studies  III,"  and  *^\lkali  Studies  IV,"  the  last 
two  papers  being  part  of  the  Ninth  Annual  Report* 

Computing  the  osmotic  pressures  of  the  salts  in  wiiich 
seeds  were  germinated  and  plants  were  grown,  and  studies 
of  the  imbibition  of  water  from  salt  solutions,  showed 
that  the  effect  produced  was  inversely  proportional  to  the 
osmotic  pressure  of  the  salt  in  solution.  This  indicated 
that  the  effect  was  a  mechanical  or  physical  one;  that  it 
would  be  the  same  for  the  same  osmotic  pressure  regard- 
less of  the  kind  of  salt,  or  in  other  word«,  that  the  dele- 
terious effect  on  plants  depends  on  the  osmotic  pressure  of 
alkali  salt  in  the  soil,  rather  than  on  any  physiological 
action  of  the  different  kinds  of  salts.  This  statement  only 
applies  to  the  neutral  salts,  and  eliminates  the  sodium  car- 
bonate, which  has  a  corrosive  action  on  the  plant  tissues. 
Another  noticeable  effect  of  the  sodium  salts  when  present 
in  small  amounts  was  a  stimulating  action  both  on  seed 
gennination  and  the  subsequent  growth  of  the  plants. 

To  throw  more  light  on  these  points  experimentsf 
have  been  carried  out  on  seed  germination  and  plant 
growth  with  solutions  of  potassium  and  sodium  sulphates 
and  chlorides  of  the  same  osmotic  pressures. 

^ee  also  **  Recent  Investigations  by  the  Wyoming  Experiment  Station  in  Alkali  and  Irri- 
gation." published  in  the  Proceedines  of  the  Thirteenth  Annual  Convention  of  the  Association  of 
American  Agricultural  Colleges  and  Experiment  Stations,  p.  (MK 

fMr.  A.  H.  Danielson  has  ably  assisted  with  this  experiment  by  cair^'ing  out  the  details 
as  planned. 
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8ALT  SOLUTIONS  USED. 

The  salts  used  in  the  experiments  were  sodium  sul 
phate  and  sodium  chloride,  and  potassium  sulphate  aod 
potassium  chloride.  A  series  of  these  solutions  were  made 
whifh  had  the  same  osmotic  pressures.  Knowing  the  ef- 
fect produced  by  sodium  sulphate  in  previous  experimentg. 
this  salt  was  taken  as  the  arbitrary  base,  using  it  in 
strengths  of  0.5  percent,  1.0  percent,  and  2.0  percent  so 
lutions,  which  are  common  concentrations  in  Wyoming 
alkali  soils.  These  percents  of  sodium  sulphate  in  solution 
gave  corresponding  osmotic  prt^suree  of  2.03  atmosphires. 
3.S0  atmospheres,  and  7.10  atmospheres.  The  following 
table  gives  the  precent  of  each  salt  used  to  produce  the 
same  osmotic  pressure  as  above: 

Table  1  —  Osmotic  Pressure  and  percent  of  Salt. 


Osmotic  Prcftsure  in  Atmospheres. 


Na2  SO4. 
K2  SO4 . 

NaCl..  . 
KCl.  .   . 


GERMINATION  OF  SEEDS. 

Wheat  and  alfalfa  were  selected  as  one  cereal  and  one 
legume  to  germinate  in  the  above  solutions.  Granite  iron 
pie  plates  were  used,  in  each  of  which  was  placed  850  grams 
of  sand,  which  had  been  washed  free  from  soluble  salts. 
On  each  plate  was  placed  a  layer  of  sand  in  which  the  seed? 
were  embeddt*d.  They  were  then  covered  with  pieces  of 
thin  cheese-cloth,  over  which  the  remaining  sand  waiJ 
placed.*  This  enabled  the  upi)er  layer  of  sand  to  be  re 
moved  in  order  to  count  the  seeds  as  they  germinated.  To 

•A  careful  study  was  previously  made  of  the  effect  of  such  pieces  of  cheese-cloth  on  ** 
movement  of  alkali  salt  through  the  sand.  Several  trials  in  which  alkali  solutions  were  adiM  ^ 
sand  which  was  separated  into  layers  by  the  thin  muslin  ;  allowed  to  stand  about  a  week  and  t& 
analyzed,  showed  practically  no  difference  in  the  amount  of  alkali  in  any  part  of  the  sand  sbote 
re  below  the  dividing  layer  of  cloth. 
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each  of  the  plates  so  arranged  wa«  added  150  c.  c.  of  solu- 
tion containing  the  salt  with  osmotic  pressures  of  about  2, 
4,  and  7  atmospheres  as  given  in  table  I.     The  sand  was 
dried,  so  the  solution  added  gave  15  percent  moisture  to 
each  plate.    As  it  is  the  salt  in  solution  which  affects  the 
seed  or  plant,  there  would  be  no  dilution  by  the  sand,  i.  e.^ 
the  same  osmotic  pressure  of  salt   would  be  present   re- 
gardless of  the  amount  of  sand.     However,,  the  evapora- 
tion   of    the   water   from    the   plates    would    increase    the 
strength  of  the  salts  and  precautions  were  taken  to  prev(^nt 
this  so  far  as  jmssible.    They  were  placed  in  a  coi)per  ger- 
minating chamber,  which  was  kept  dosed  exiept  during 
the  time  the  seeds  were  being  counted.     Each  plate  was 
weighed    after   adding   the   solutions   and   distilled    water 
added  each  day  to  replace  that  which  had  evaporated.    One 
hundred  seeds  each  of  wheat  and  alfalfa  were  planted  in 
each  plate  on  March  28,  between  3  and  4:30  o'clock  p.  m. 
The  first  counting  of  the  germinated  seeds  was  made  48 
hours  after  they  were  planted.     Table  II  gives  the  result 
with  wheat  and  Table  III  with  alfalfa  seed.    The  fii*st  col- 
umn gives  the  number  of  hours  from  the  time  of  planting. 
The  other  columns  give  the  number  of  seeds  germinatel  in ' 
the  diflPerent  strength  solutions  of  each  salt. 

A  study  of  the  tables  shows  that  the  retarding  effect 
of  the  salts  on  germination  of  wheat  and  alfalfa  is  almost 
identical  in  each  series  of  salt  solutions.     There  are  only 
slig^ht  variations,  such  as  might  be  expected  in  any  two  or 
more  sets  of  seeds  germinating  under  conditions  which  are 
practically  the  same.     There  is  a  remarkably  regular  de- 
crease in  the  germination  of  the  seeds  as  the  osmotic  pres- 
sure increases,  but  there  is  no  apparent  difference  between 
the  effect  of  sodium  and  potassium  nor  between  sulphates 
and  chlorides  either  of  the  same  or  of  different  salts.    This 
stren^hens   the   conclusion    reached   in    previous    experi- 
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iiienti*,  so  far  as  seed  germination  is  concerned,  that  the 
retarding  effect  is  due  to  the  osmotic  pressure  of  a  salt 
rather  than  to  the  kind  of  salt.  The  strongest  solution  of 
potassium  chloride  apparently  retarded  the  germination  of 
both  wheat  and  alfalfa  seed  less  than  the  same  streng:th  of 
the  other  salts  used,  but  the  difference  is  only  slight  and 
(an  not  be  taken  as  conclusive  evidence  that  this  salt  does 
not  produce  the  same  general  effect. 

Table  II — Germination  of  Wheat. 

J'crccnt  of  seed  Kcrminated. 


Salt 


Presiiire  in  atmospheres. 

Noun 
4^ 


None 
H2O 


Na2S()4 


NaCI 


K2S()4 


KU 


00      '2.0:J  .i.HO  7.10  2.03 


T2. 


120. 
144. 

Uks. 
2t«). 
2«i(). 


94 
99 


91 


Ml 


93  i  %i 
9h  I  90 
97 


9H 


44  ,  91 

90  9i1 

U  100 
95 


3.W) 


80 

95 
97 


7.10  2.t«3.K)7.10  2.CCJ3'i>Tie 


43      .s«)     84  2S  91  "^^  I  7i 

H7      96     94  8^  94  ^9 ' «» 

95    ,  9K     96  94  96  91  !  95 

06      97  98  97  l«   ?: 

97  94 


Ta  B  LE  III. — Germination  of  A Ifal/a, 

Percent  of  seed  germinated. 


Salt 


Pressure,  atmospheres. 


Houfi 

\^  . 

72.  . 

9f)  . 

12U.  . 

144  . 

1U8  . 

2t)9  . 

2tR)  . 


None, 
water 

0.0 

8(5 
i»8 

Na,  S0.» 


NaCI 


KaSO* 


RC 


2.a'j;3.w);7.io  2.03 


I— 


70    :«) 

88     89  '  2^ 

im;    97  75 

97      9M  81 

W  91 

'  96 


87 
94 
97 


3.80.7.10  2.03  3.80  7.10  2.0:ia  JOMU 


I 


75  ,  14      79 
iM     74 
98  .  99      97 
•  100 


66 

m  ;  93 

97 


12     N>  >    2 

NH      9R  !'l    S! 

96     118  iC    9* 

99  » 
97 


As  in  the  exi)eriments  previously  jiublished,  the  effect 
of  salts  in  solution  is  to  retard  the  time  of  germination. 
Th(»  i^ercentage  of  seeds  finally  germinated  in  the  salt  soln- 
tions  is  as  gn^at  as  in  ]mre  water.  The  retardation  of  some 
five  or  six  days  may  appear  of  no  practical  imi)ortance,  hot 
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the  growing  season  is  so  short  at  high  altitudes  that  even 
a  few  days  may  make  the  difference  between  a  crop  and  a 
failure. 

GROW  TH   OF   WHEAT  AND   ALFALFA   IN   SODIUM 

AND  POTASSIUM  SALTS  OF  THE  SAME 

OSMOTIC  PRESSURE. 

The  same  solutions  were  used  as  in  the  germinating 
test  reported  above.  The  plants  were  grown  in  clean  river 
sand  free  from  soluble  salts  and  enough  solution  added  to 
make  fifteen  percent  moisture  present.  When  saturated, 
this  sand  held  eighteen  percent  water.  The  sand  was  anal- 
yzed for  potash  and  found  to  contain  3.566  precent  KgO, 
none  of  which  is  supposed  to  be  available  to  plants. 

POTS. — Previous  attempts  had  demonstrated  that  it 
was  not  feasible  to  use  alkali  salts  in  porous  pots,  as  the 
evaporation  of  water  left  the  pots  incrusted  with  salts, 
which  left  unknown  quantities  of  salts  in  the  soil.*  Plants 
are  not  apt  to  succeed  well  if  grown  in  pots  which  Lave 
no  drainage  or  ventilation.  Inquiries  were  made  of  Prof. 
H.  J.  Wheeler  of  Rho(ie  Island,  who  has  made  a  study  of 
the  kinds  of  pots  best  to  use  for  seed  experiments,  and  we 
adopted  his  suggestion  except  that  we  used  glazed  earth- 
enware pots  instead  of  iron  ones.  Having  made  some  tri- 
als, it  was  found  that  the  salts  used  would  have  no 
appreciable  effect  on  the  glazing  of  the  jars. 

The  suggestion  by  Prof.  Wheeler,  of  method  of  venti- 
lating the  pots,  was  a  good  one.  Pieces  of  stove-pipe  iron 
were  bent  into  half  cylinders,  and  cut  into  lengths  which 
would  fit  across  the  bottom  of  the  jars.  These  irons  were 
punched  full  of  small  holes,  to  provide  drainage  from  the 
sand  into  them,  and  at  each  end  a  larger  hole  was  made  in 
the  top,  over  which  half  inch  glass  tubes   were  placed. 

*See  photograph  on  p.  33  of  Alfalfa  Studies  III,  Ninth  An.  Report. 
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These  tubes  extended  up  through  the  sand,  and  one  of  tbem 
was  five  or  six  inches  longer  than  the  other,  so  it  acted 
like  a  chimney,  producing  a  draft  of  air  down  the  «hort 
tube  and  out  the  longer  one,  removing  any  surplus  moist- 
ure collecting  in  the  cavity  produced  by  the  iron  half-cvlin 
der  at  the  bottom.  That  they  were  operating  as  they 
should  could  be  seen  at  a  glance  in  the  mornings,  as  drops 
of  condensed  moisture  would  collect  in  the  top  of  the  longer 
tube,  while  the  shorter  one  was  always  dry.  As  the  water 
passed  out  in  the  form  of  vai)or,  all  the  salt  was  left  in  the 
pots.  Each  pot  with  its  sand  and  solution  was  weighed  and 
at  intervals  distilled  water  was  added  to  take  the  place  of 
that  lost  by  evaporation  from  the  air  drainage,  surfaeof 
the  pots  and  transpiration  by  the  plants. 

NUTRITIVE  SOLI^TIONS.— After  studying  the  nn 
tritive  solutions  given  by  botanical  authorities,  the  follow- 
ing combinations  were  used: 

NO.  1.  NO.  2. 

For  the  Sodium  salts.  For  the  Potash  salts. 

KNO,   l.Og     Na  NO, 0.8g 

Ca   (NO,)^ 0.5       Ca(NO,). Oi 

Mg  SO* 0.5       Mg  SO4 0.5 

Bone  Meal 2.0       Bone  Meal 2.0 

In  No.  2  less  of  the  sodium  nitrate  was  used  thaaof 
the  potassium  nitrate  in  No.  1,  because  the  sodium  niwe 
has  a  greater  osmotic  pressure  and  the  attempt  was  made 
to  make  them  of  as  nearly  the  same  pressure  as  possiblt^. 
Instead  of  calcium  phosphate  or  acid  potassium  phosphate. 
2  grams  of  raw  bone  meal  was  used  in  each  solution,  as  the 
bone  meal  contained  the  phosphates  and  a  small  amount  of 
organic  nitrogen  as  well. 

The  above  amounts  of  nutritive  salts  were  added  to 
the  five  kilograms  of  sand  in  each  of  the  pots.  To  the  no 
tritive  solution  was  added  the  percents  of  salts  which  woald 


FIG.  1.    Wheat,  la  alkali  soliitloiiB,  June  10,  1900. 


Flo.  2.    Alfalfa,  In  alhall  eolutiona,  June  10,  1900. 
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produce  the  different  osmotic  pressures,  so  the  pressure  was 
increased  above  the  computed  amount  by  the  pressure  of 
the  nutritive  salts  added,  but  the  increase  of  pressure  due 
to  the  nutritive  solution  is  too  small  to  take  into  considera- 
tion. Enou|jjh  of  the  combined  solution  was  made  up  for 
each  pot  to  give  fifteen  percent  moisture.  Two  check  pots 
were  supj}.lied  with  nutritive  solution  and  water  only  and 
one  was  given  double  the  amount  of  nutritive  solution  as 
an  indication  of  whether  the  right  amount  of  nutrition  was 
supplied.  About  fifteen  seeds  of  wheat  were  planted  in 
each  of  one  series  of  pots  and  twice  as  many  see<ls  of  alfal- 
fa in  the  other  series,  which  contained  the  same  strengths 
of  the  salts  being  studied.  The  seeds  Were  planted  March 
22,  between  »<  and  4  o'clock  p.  m. 

In  the  pots  which  contained  double  the  amount  of  nu- 
tritive solution  the  wheat  and  alfalfa  were  allowed  to  grow 
together.    This  is  the  pot  not  numbered  shown  on  the  left 
and  at  the  bottom  of  Pigs.  1  and  2,  Plate  I.     The  plants 
grew   no   better   than    those   which   had    only   the   single 
strength  of  nutritive  salts,    ^ee  pots  No.  25  and  No.  26  in 
the  same  illustration.*    On  April  7,  after  the  plants  came 
up  and  had  developed  the  first  two  leaves^  the  weaker  ones 
were  pulled  out,  leaving  only  six  plants  in  each  pot.     In 
one  or  two  instances  a  seed  which  was  slow  in  coming  up 
developed  later,  which  accounts  for  seven  stools  in  some 
of  the  pots  at  the  time  they  were  harvested. 

Tlie  illustrations,  Plates  II  to  VI,  show  the  compara- 
tive growth  of  the  plants  at  the  time  they  were  harvested 
on  June  25.  Tables  IV  and  V  give  the  numbers  of  the 
pots,  the  corresponding  osmotic  pressures  in  atmospheres, 
and  comparative  notes  on  growth,  and  weight  of  plants  har- 
vested, both  green  and  dry  matter,  and  Table  VI  gives  the 
sulphates  and  chlorides  taken  up  by  the  plants  in  each  case. 

♦photograph  from  which  Plate  I  was  made  was  taken  June  10. 
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All  the  salts  in  weaker  solutions  produced  a  stimu- 
lating effect  on  the  growth  of  both  wheat  and  alfalfa.  The 
decrease  is  quite  regular  with  increase  in  osmotic  pressure 
with  all  the  salts  used  except  potassium  chloride,  which  re- 
tarded growth  much  less  than  the  other  salts.  With  press- 
ure of  3.8  atmospheres  the  K  CI  forced  alfalfa  into  bloom 
earlier  than  the  other  pots.  Its  fertilizing  eflfect  is  marked 
except  in  the  strongest  solution  with  alfalfa,  where  the 
retarding  eflfect  is  as  great  or  greater  than  that  of  any  of 
the  salts  of  the  same  concentration. 

Table  IV.  —  IVkea/.       Comparative  growth  in  salt  solutions  o]  equal 

osmotic  pressures. 
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The  dailv  notes  taken  June  11  state  that  the  best  three 
l»ots  of  alfalfa  were  10,  11  and  12,  or  those  in  potassium  sul- 
l»hat(N  and  19,  20  and  21,  containing  potassium  chloride, 
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were  the  best  three  pots  of  wheat,  though  1,  2  and  3  in  so- 
dium sulphate  were  almost  eqilal  in  thriftiness  and  grov  th, 
and  previous  notes  stated  that  to  all  appearances  the  so- 
dium sulphate  was  less  injurious  when  in  excess  than  the 
potash  salts. 

Table  V. — Alfalfa.      Comparative  growth  in   salt  solutions   of  equai 

osmotic  pressures. 
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♦Second  leaves  developed.  fOnly  the  first  seed  leaves  developed. 

In  discussion  of  fertilizers,  attention  has  been  too  ex- 
clusively confined  to  the  chemical  effects  and  the  physical 
action  of  the  salts  in  the  soil  water  from  which  the  plant 
draws  its  food,  and  water  has  been  generally  disregarded. 
If  the  addition  of  a  salt  to  the  soil  stimulated  the  growth 
it  ^'as  supposed  to  be  because  it  supplied  a  needed  food  ele- 
ment; if  it  injured  the  plant  it  was  held  to  be  poisonous. 
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From  the  standpoint  of  the  modern  theory  of  solutions, 
however,  the  whole  question  of  the  a(*tion  of  fertilizers 
must  be  restiidied  both  experimentally  and  theoretically. 
We  now  know  that  the  absorption  and  movement  of  food 
material  in  the  plant  is  largely  controlled  by  osmotic 
pressure  and  that  some  of  the  cell  walls  act  like  semi-i)^r- 
meable  membranes  permitting  the  free  past^age  of  water 
but  preventing  or  hindering  the  passage  of  salts  and  other 
matter  in  solution.  A  substance  dissolved  in  water  acts  | 
just  like  a  gas.  It  tends  to  expand,  that  is,  to  increase  the 
space  it  occupies.  This  may  be  done  in  two  ways.  If  noth- 
ing prevents  ,  the  substance  in  solution  spreads  through 
the  whole  liquid  until  it  is  evenly  diffused.  If  a  semij^er- 
nieable  membrane  prevents  the  i>a8sage  of  the  dissolved 
substance  through  all  the  water,  it  may  still  expand  if  wa- 
ter can  be  drawn  through  the  membrane,  thus  enlarjiing 
the  space  which  it  can  occupy.  If  this  is  prevented  a  press- 
ure on  the  membrane  results,  the  osmotic  pressure,  which 
is  identical  in  nature  and  amount  with  gas  pressure.  Solu- 
tions always  tend  toward  homogenety,  either  by  the  dis 
solved  subfiftance  passing  from  parts  of  greater  concentra- 
tion to  those  of  less  or  b}'  the  solvent  moving  in  the  reverse 
direction. 

In  the  i)revious  experiments  of  this  series  it  was  shown 
that  the  absorption  of  water  by  seeds  was  hindered  by  the 
osmotic  pressure  of  the  solutions  in  which  the  seeds  were 
placed,  that  various  salts  and  sugar  in  widely  diflferent 
amounts  produce  the  same  effect  if  their  osmotic  i)ressure 
was  the  same  and  that  seeds  in  which  the  power  of  ger- 
mination had  been  destroyed  and  even  wood  were  affet'ted 
in  the  same  wa}'  as  living  seeds.  The  present  experinnnts 
extend  the  study  to  geraiination  and  the  growing  plant, 
and  it  appears  that  the  osmotic  pressure  of  the  solution  in 
which  the  ])lant  is  placed  tends  to  prevent  its  growth  by 
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hindering  the  absorption  of  water.  This  effect  is  so  great 
as  to  entirely  overshadow  the  nutritive  action  of  the  dif- 
ferent  salts  and  excess  of  potash  salts  is  shown  to  be  quite 
as  bad  as  excess  of  sodium  salts. 

As  the  experiment  had  a  practical  aim,  the  study  of 
plant  growth  in  the  arid  regions,  the  conditions  were  chosen 
to  imitate  those  found  in  nature  and  are  not  such  as  would 
otherwise  have  been  selected  in  a  purely  scientific  study  in 
plant  physiology.    In  the  soils  of  the  arid  region  we  have, 
an  we  have  in  these  pot  experiments,  a  nutritive  solution 
containing  all  the  necessary  plant  foods  but  accompanied 
with  a  large  excess  of  some  particular  salt,  usually  sodium 
sulphate,  magnesium  sulphate  or  sodium  chloride.     From 
the  results  given  in  the  tables  and  illustrations  it  appears 
that  the  effect  of  a  large  excess  of  any  salt  in  the  soil  is  to 
hinder  the  growth  of  plants  and  that  the  osmotic  pressure 
of  the  solution  is  an  important  factor  in  producing  this  re- 
sult.    It  is  not  to  be  supposed  that  the  effect  is  a  simple 
one.     On  the  contrary,  the  presence  of  a  large  excess  of 
some  salt  must  not  only  increase  the  osmotic  pressure,  but 
also  change  the  conditions  of  assimilation  of  plant  food  in 
many   ways  and  disarrange  the  nutritive  system  of  the 
plant. 

ABSORPTION  OF  SALTS  FROM  SOLUTIONS. 

In  order  to  determine  in  how  far  the  salts  In  excess 
were  absorbed  by  the  plants,  they  were  analyzed  for  chlo- 
rides or  sulphates  and  the  results  are  given  in  Table  VI. 
It  w411  be  seen  that  in  the  case  of  both  sulphates  a  greater 
amount  of  the  salt  was  taken  up  by  the  plant  the  more  con« 
centra  ted  the  solution.    In  the  case  of  the  chlorides,  on  the 
contrary,  the  normal  amount  in  the  plant  was  not  Increased 
bnt  actually  diminished  by  the  increase  in  the  concentration 
of  the  solution.    In  the  previous  experiments  on  the  absorp- 
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tion  of  salts  by  seeds  no  such  difference  between  sulphates 
and  chlorides  was  found  and  it  is  perhaps  due  to  the  fact 
that  sulphur  is  of  more  importance  as  a  plant  food  ihan 
chlorine. 

Table  VI. — Salts  absorbed  by  plants. 


No. 

Plant 

Salt 

Percentage 

Osmotic 
pressure, 
atmos- 
pheres 

Percentage  of  salt  in  d» 
air-dried  plant 

26. 

4. 

5. 

6. 
10. 
11  . 
12. 
16. 
17. 
18. 
22. 
23. 
24. 

Alfalfa 

(4 
«• 
t< 
>t 
•  < 
<• 
it 
«< 
« 
it 
(< 

ta 

Sodium  sulphate.   .   . 

•  •      • 

•  •      • 

Potassium  sulphate   . 

•>                    (i 

Sodium  chloride  .   .    . 

•   .   . 

•  ■      ■ 

Potassium  chloride.  . 
«.               .. 

li               tt        '  ' 

*     • 

•           B           •           • 

.50 

1.00 

2.00 

.67 

1.32 

2.51 

.27 

.51 

.97 

.3;^ 

.04 
1.22 

•      ■       •      « 

2.03 
3.80 
7.10 
2.03 
3.80 
7.10 

2.a^ 

3.^ 
7.10 
2.03 
3.80 
7.10 

/  .49  sodium  sulphate 
(  .67  potassium  sulphate 
1.49  sodium  sulphate 

2.:b     •• 

5.20       •• 

2.57  potassium  sulphate 

3.47 

5.07 

.41  sodium  cbloride 

.19        •• 

.  10 

.28  potassium  chknde 

.26 
.13 

26. 

1  . 

2. 

3. 

7. 

8. 

9. 
13. 
14. 
15. 
19. 
20. 
21  . 

Wl 

beat. 

Sodium  sulphate .    .   . 

■       ■      • 

Potassium  sulphate   . 
i<               •• 

*t               •< 
Sodium  chloride  .    .    . 

•  <            << 

«       ■       • 

Potassium  chloride .  . 
.<                <  • 

it                 t. 

•           ■            •           B 

.50 
1.00 
2.00 

.67 

l.:« 

2.51 
.27 
.51 
.97 
.33 
.64 

1.22 

■             «             •             B 

2.03 

3.H0 

7.10 

2.03 

3.80 

7.10        ' 

2.03 

3.80        , 

7.10 

2.(« 

3.80 

7.10        1 

j    .83  sodium  sulphate 
1  1 .  14  potassium  sulphate 
.HO  sodium  sulphate 

1.90       •' 

2  24       '*         '' 

2!  16  potassium  sa'.phate 

3.30 

14.97 

3.14sodiumchlcri(k 

2.29       " 

.80 
2  12  potassium  chkMide 

1.80 
1.71 

In  Nos.  25  and  26.  plants  grown  in  nutritive  solution  alone,  the  suJphuric  acid  3ictuaUy  it- 
terminedls  calculated  both  as  potassium  and  sodium  sulphates  for  comparison. 

EVAPORATION  OF  WATER  FROM  THE  SALT  SOLU 
TIONS  AND  PLANTS  GROWING  THEREIN. 

Table  VII  gives  the  amount  of  water  added  to  each  pot 
to  take  the  place  of  that  lost  by  evaporation  and  bring  it 
back  to  the  initial  weight,  w^hich  was  carefully  determined 
at  the  beginning  of  the  experiment.  The  amount  is  given 
in  grams,  each  date  water  was  added,  the  average  amount 
evaporated  each  day  being  shown  in  the  last  column.    Tb*» 
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increase  in  the  evaporation  during  June  is  due  to  the  in- 
creased amount  of  water  thrown  off  by  the  plants  as  they 
grew  larger  in  size.  The  wheat  produced  more  weight  of 
plant  in  the  nutritive  solution  alone  than  in  any  of  the  salt 
solutions  and  in  every  case  less  water  was  lost  by  evapora- 
tion and  transpiration  in  the  salt  solutions.  On  the  other 
hand,  the  alfalfa  produced  more  weight  of  plant  in  the 
weaker  salt  solutions  and  more  water  was  lost  from  these 
solutions  than  from  the  nutritive  solution  alone.  With  the 
exception  of  the  wheat  in  K  CI  solutions,  there  Is  quite  a 
regular  decrease  in  the  amount  of  water  evaporated  as  the 
pressure  of  the  salt  increased.  This  is  due  both  to  the 
difference  in  the  size  of  the  plants  produced  and  to  tho  in- 
crease in  pressure.  Averaging  the  amounts  of  water  added 
to  each  pot  up  to  and  including  April  11,  while  the  plants 
were  small  and  before  there  was  marked  difference  in  them 
as  they  grew  in  the  several  pots,  gives  no  results  from 
which  conclusions  can  be  drawn.  In  general  there  was 
greater  evaporation  from  the  check  pots  than  from  those 
containing  salts.  The  loss  of  water  by  evaporation  would 
increase  the  osmotic  pressure  of  the  solution  remaining,  so 
the  mean  strength  of  each  solution  for  the  entire  experi- 
ment is  somewhat  greater  than  the  indicated  concentration 
of  the  solutions  used. 
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THE  DISTRIBUTION  OF  ALKALI  IN  THE  SOIL  OF  THE 

EXPERIMENT  FARM. 


E.    E.    SLOSSON. 


The  most  difficult  problem  of  the  arid  region  is  to  irri- 
gate without  bringing  out  the  alkali.  In  many  places,  even 
where  the  natural  negation  shows  that  there  is  no  excess  of 
alkali  on  the  surface,  yet  theix?  are  beds  of  it  several  feet 
below,  and  when  such  soil  is  irrigated  it  becomes  saturated 
with  water  and  the  alkali  rises  to  the  surface,  where  it  is 
left  on  the  evaporation  of  the  water  as  a  white  crust.  An 
injurious  accumulation  of  salts  on  the  surface  may  also 
occur  through  improper  irrigation  in  cases  where  the  total 
amount  of  soluble  salts  is  not  excessive  and  would  be  bene- 
ficial instead  of  harmful  if  properly  distributed. 

Tlie  movement  of  alkali  in  the  soil  under  different 
methods  of  irrigation  has  been  an  especial  subject  of  study 
on  the  Laramie  experiment  farm  from  the  beginning.  An- 
aly8€*s  of  the  virgin  soil  have  been  made  and  the  amount  and 
eoinj>osition  of  all  the  water  used  in  irrigating  is  known  and 
a  record  has  been  kept  of  all  the  crops  harvested. 

In  continuation  of  this  work  a  number  of  alkali  deter- 
minations on  different  parts  of  the  experiment  farm  have 
been  made  and  some  of  them  are  here  reported  in  order  to 
put  them  on  record  for  future  reference.  The  alkali  on  the 
Laramie  Plains  is  of  the  variety  known  as  "White  Alkali," 
consisting  mostly  of  sodium  sulphate  (glauber  salts),  with 
a  smalller  amount  of  sodium  chloride  (common  salt). 

No  uniform  method  of  analyzing  soils  for  soluble  salts 
has  been  adopted,  so  there  is  a  great  variety  of  processes  and 
ways  of  reporting  in  use  and  it  is  often  impossible  to  com 
pare  the  results  of  different  chemists.  The  chief  difference  is 
in  the  calcium  sulphate  or  gypsum.  In  almost  all  Wyoming 
soils  this  is  present  in  abundance,  and  if  the  soluble  salts 
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ai*e  extracted  by  leaching^  a  large  and  variable  qaantitj  of 
calcium  sulphate  is  obtained.  If  the  simpler  process  of 
shaking  the  soil  with  a  known  amount  of  water  aifd  taking 
an  aliquot  part  of  the  eupematant  solution  for  analysis  is 
adopted  the  amount  of  gypsum  obtained  depends  on  the 
quantity  of  water  and  soil  used.  If  a  complete  analysis  is 
to  be  made  the  calcium  sulphate  is  determined  and  can  be 
subti-acted,  but  it  is  often  desirable  to  run  a  large  number 
of  samples  for  total  alkali  alone.  In  these  tests  a  simple 
method  was  used  which  seems  to  meet  the  difficulty.  lOOg. 
of  soil  was  put  into  a  glajssstoppered  bottle  with  20()  cc.  of 
distilled  water  and  left  for  several  days  with  occasiona] 
shaking.  ^Yhen  it  is  settled  a  convenient  quantity  is  drawn 
off  with  a  pipette  and  without  filtering  evaporated  to  dry- 
ness and  heated  at  a  temperature  above  250°C.  for  two  or 
three  hours.  By  this  heating  the  gypsum  becomes  dehy- 
drated and  almost  insoluble,  so  all  that  is  necessary  is  to 
extract  with  a  small  amount  of  water,  filter  and  evaporate 
in  a  platinum  dish  for  total  alkali  and  titrate  for  chlorides. 
For  dehvdration  a  small  round  air-bath  was  made  of  Russia 
iron  covered  with  asbestos  and  containing  a  rack  for  hold 
ing  six  smaller  porcelain  evaporating  dishes.  A  number  of 
experiments  made  with  this  method  showed  that  it  reduced 
the  amount  of  soluble  salts  by  about  60  percent,  while  chio 
rides  remained  the  same  and  different  amounts  of  water 
could  be  used  without  affecting  the  results. 

Plats  Nos.  19  and  20  were  set  apart  for  permanent 
experinK^nts  on  the  effect  of  rotation  of  crop©  on  the  com 
position  of  the  soil.  On  No.  19  different  crops  will  be  grown 
in  rotation  and  on  No.  20  a  single  crop  will  be  grown  con* 
tinuously  for  a  number  of  years.  The  samples  were  taken 
June  19,  1896.  No.  19  was  virgin  soil;  No.  20  had  been  in 
crop  one  year. 

Plats  A,  B  and  C  were  added  to  the  farm  June  24, 1999, 
for  permanent   irrigation   experiments,   and   the  samples 
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were  taken  then.    They  were  virgin  soil  and  had  never  been 
irrigated.     Plat  A  is  to  be  irrigated  with  the  minimum 
amount  of  water,  Plat  B  will  be  given  a  medium  quantity 
while  Plat  C  will  be  irrigated  frequently  and  abundantly. 
The  aim  of  the  experiment  is  to  determine  the  most  advan- 
tageous duty  of  water,  and  as  the  amount  of  water  used 
in  irrigation  has  so  important  an  effect  on  the  accumula- 
tion of  salts  in  the  soil  it  was  thought  necessary  to  deter- 
mine their  distribution  at  the  beginning  of  tihe  experiment. 
There  is  no  general   rule  to  be  deduced  from   these 
analyses  except   that  the  amount  of  salts  gradually   in 
creases  as  we  go  down.    The  individual  variation  in  samples 
is  surprisingly  large.    Sample  No.  29,  for  example,  has  four 
times  as  much  alkali  as  the  average  of  its  neighbors.    All 
unusual  results  were  duplicated.     Plats  A,  B  and  O  were 
supposed  to  be  the  same  soil,  but  they  contain  in  the  first 
three  feet,  respectively,  4581,  1463  and  2886  pounds  per  acre 
of  alkali  salts. 

Distribution  of  Alkali  on  the  Experiment  Farm. 
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Water  Measurements. 


BY   B.  C.  BUFFUM. 


The  water  measurements  made  by  the  Station  in  1891 
and  1892  were  reported  in  Bulletin  No.  8.  As  this  bulletin 
is  out  of  print,  the  table  of  duties  there  reported  is  given 
below.  Since  1892  measurements  of  the  water  used  on  the 
Station  farm  at  Laramie  have  been  made  each  year,  and  a 
series  of  measurements  were  made  at  Wheatland  in 
1893.  The  measurements  at  Laramie  in  1893  were  of  no 
value,  as  all  crops  failed  that  season,  and  in  1894  the  record 
was  incomplete  and  not  sufiicUntly  accurate  for  publication. 
Since  1894,  however,  a  large  number  of  determinations  of 
duty  have  been  made.  With  the  exception  of  some  measure- 
ments in  1899  made  in  cooperation  with  Professor  Elwood 
Mead  of  the  OflRce  of  Experiment  Stations,  the  duties  so  far 
determined  are  reported  in  the  following  tables: 


*A1I  the  measurements  of  water  up  to  the  close  of  the  season  of  1898  have  been 
reported  in  Bulletin  No.  81  of  the  Office  of  Experiment  Stations  of  the  U.  S.  Department 
of  Agriculture,  entitled  "llie  Use  of  Water  in  Irrigation  in  Wyoming  and  its  Relation  to  the 
Ownership  and  Distribution  of  the  Natural  Supply.  The  ubles  on  duty  given  in  this  paper  arc 
the  same  as  those  used  in  that  bulletin  with  the  addition  of  report  on  the  first  year's  measure- 
ment to  show  amount  of  water  necessary  to  psoduce  a  maximum  crop  in  1899  and  amount  of 
water  used  in  a  sub- irrigation  system  at  Laramie,  along  with  the  measurements  for  1809  by  the 
Station.  The  co-operative  measurements  for  1809  have  been  reported  to  Professor  Mead  of  the 
Office  of  Experiment  Stations. 
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Water  Measurements.  11 

RURIRRIGATIOX. 

Two  systems  of  sub-irrigation  have  been  under  obser- 
vation for  a  number  of  years.  One  of  these  consists  of  an 
iron  pipe  two  inches  in  diameter  and  900  feet  long,  used  on 
the  campus  for  irrigating  trees.*  This  pipe  ha«  given  very 
satisfactory  results,  but  it  has  not  been  practicable  to  meas- 
ure the  amount  of  water  used  in  it.  The  other  svstem  con- 
gists  of  one-half  acre  on  the  Experiment  Fainn  which  is  un- 
derlaid with  porous  tile.  Lines  of  four-inch  tile  are  placed 
eighteen  inches  deep  and  at  distances  of  tw^enty  feet  apart. 
These  lines  of  pipe  join  six-inch  mains  extending  around 
the  plat,  which  serve  as  feed  and  drain  pipes.  The  system 
was  established  in  the  spring  of  1895  and  that  sc^ason  the 
land  was  planted  to  varieties  of  small  fruits.  Tliese  failed 
to  grow  and  since  1895  the  plat  has  produced  other  crops  in 
rotation — turnips,  oats,  potatoes,  and  wheat.  Previous  to 
last  season  the  measuring  of  water  used  in  sub-irrigating 
this  plat  was  neglected.  Last  season  a  series  of  careful 
measurements  were  made  to  show  how  much  w^ater  was 
used.  It  should  be  stated  that  the  soil  is  a  sandv  loam,mixed 
with  gj'psum,  which  gives  it  a  sticky,  clay-like  consistency, 
with  gypsum  and  lime  subsoil  at  about  the  depth  the  tile  is 
laid.  Water  does  not  pasis  through  this  soil  readily  and  the 
pipes  are  too  far  apart,  so  the  crop  midway  between  the 
lines  of  pipe  does  not  receive  enough  water.  This  is  very 
apparent  when  grain  is  grown  on  the  plat,  as  it  makes  tall, 
thrifty  growth  over  the  pipes  and  short  growth  between, 
giving  the  plant  a  wave-like  aspect,  like  the  surface  of  a 
washboard  or  the  smooth  swells  of  an  unruffled  sea.  Last 
season  the  plat  was  planted  to  wheat,  which  was  irrigated 
by  letting  water  run  into  the  pipes  at  night,  keeping  careful 
records  of  the  time  and  depth  with  a  water  register.  A  very 
small  head  was  used,  the  water  flowing  over  an  eighteen- 

•For  description  see  Wyo.  Sta.  Bui.  No.  8,  p.  23. 
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inch  weir  with 

half  inch.    The 

iinatelv  correct 

Table  VI 1 1- 


an  average  depth  of  a  little  more  than  one- 
measurement,  as  reported  below,  is  appi*ox- 
.    The  area  of  the  plat  was  0.465  acre. 

—Duty  of  Water, —  Wheat  Sub-irrigated,  /8Qg. 


Water  received  by 
tub-irrigation. 

Depth  by  Irriga- 
tion and  Rainfall, 
growing  season. 

Duty  of  1  second  foot 
lor  season. 

Yield  per  acre. 

Quantity. 

Depth  on 
sur&ce. 

3.001 

Four 
months 

Ninety-five 
days. 

Straw  and 
Grain 

Yield.  Giain. 

cubic  ft. 
62546 

151 

acrts. 
79.1 

acres. 
61.2 

lbs. 
3873 

Ihs. 
Ml* 

*Blackbiid8  took  much  of  the  grain  before  it  was  threshed. 

Irrigation  began  June  29  und  ended  August  2nd.  We 
have  long  known  that  the  value  of  land  in  Wyoming  is  not 
yet  sufficiently  great  to  merit  the  first  expense  of  establishr 
ing  such  systems  of  sub-irrigation.  Our  re&ults  with  this 
plat  do  not  indicate  that  extraordinary  crops  are  produced 
by  this  method  of  applying  water,  or  that  it  is  economical 
from  the  standpoint  of  the  amount  of  water  required  to 
produce  a  crop.  More  water  was  used  on  the  sub-irrigated 
land  last  season  than  on  any  other  plat  on  the  farm  except 
one  small  field  of  alfalfa. 

AMOUNT  OF  WATER  NECESSARY  TO  PRODICE  A 

MAXIMUM  CROP. 

All  our  determinations  of  duty  have  been  compared 
with  crop  production,  but  no  experiments  were  carried  out 
to  determine  the  amount  of  water  most  favorable  to  crops, 
or  the  amount  necessary  to  produce  a  maximum  yield  until 
last  year.  About  eleven  acres  of  the  new  land  which  was 
planted  to  oats  was  divided  into  three  plats,  marked  A,  R 
and  C.  The  plan  was  to  give  plat  C  what  would  ordinarily 
be  called  an  excessive  amount  of  water,  give  B  medium  irri- 
gation, and  supply  A  with  as  little  water  as  would  mature 
the  crop.  Table  IX  gives  the  data  computed  from  last  sea 
son's  notes. 


Water  Measurements. 
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The  results  do  not  indicate  that  even  the  largest 
amount  of  water  applied  was  suflflcient  to  produce  a  maxi- 
mum crop.  Sod  land  requires  more  water  than  is  neceswiry 
on  older  cultivated  soil,  and  the  largest  amount  or  water 
applied  was  not  excessive.  The  time  of  applying  watet  is 
of  great  importance.  Irrigating  at  the  wrong  time  mav  ac- 
count for  the  decrease  in  yield  of  grain  in  Plat  B,  whi\et^^ 
amount  of  straw  was  increased  by  the  additional  water  it 
received. 

Samples  of  soil  were  taken  from  each  plat  twice  each 
week  during  the  summer  for  determinations  of  the  amount 
cf  moisture  in  the  soil.  A  part  of  the  determinations  were 
made  by  Mr.  Danielson  and  a  part  by  Mr.  Moudy  in  the 
Chemical  Department.  The  soil  samples  were  taken  by 
driving  iron  tubes  into  the  ground  a  distance  of  one  foot. 
They  were  corked  up  with  rubber  corks  at  each  end  until 
they  could  be  dried.  The  samples  obtained  in  this  way 
were  not  uniform.  Sometimes  the  tube  would  drive  into  tbe 
soil,  filling  nearly  its  whole  length,  and  at  other  times  tbe 
soil  would  apparently  drive  down  ahead  of  the  lower  en4, 
so  that  not  more  than  one  or  two  inches  of  soil  would  be  ob- 
tained. This  throws  doubt  on  the  unifoniiity  of  the  sam- 
ples taken  and  makes  the  moisture  determinations  of  little 
or  no  scientific  value.  However,  there  were  fifteen  deit^ 
minations  from  each  plat,  and  the  averages  show  small  dif- 
ferences in  the  i)ercent  of  moisture  fi*om  each.  With  this 
explanation,  the  moisture  determinations  are  published  in 
Table  X.  Plat  A,  which  had  the  least  irrigation,  apparenth 
had  the  largest  average  moisture  content,  though  the  var« 
tion  is  small  and  mav  be  accounted  for  bv  the  wav  the  sam 
pies  were  taken. 


Water  Mettsurements. 


Table  X—SoU Moisture  in  Mats  A,  B,  and  C,  iS^g. 


In  1898  HD  experiment  to  show  the  effect  of  different 
amounts  of  water  on  potatoes  was  carried  out.* 

"A  part  of  the  jiotato  field  was  given  the  first  irrigation 
July  7,  while  a  i)art  was  left  until  July  28  for  the  first  wa- 
tering, at  which  time  the  potatoes  irrigated  on  July  7  were 
given  their  second  irrigation,  and  all  were  irrigated  again 
on  August  4.  The  potatoes  were  planted  in  rows  running 
across  two  plats,  one  of  which  was  plowed  in  the  ordinary 
way.  The  other  plat  was  treated  the  same,  but  had  been 
subsoiled  in  the  spring  of  1896  to  a  depth  of  16  or  18  inches. 
The  potatoes  irrigated  twice  received  3.6  inches  of  water, 
while  those  irrigated  three  times  received  13.8  inches.  The 
yields  of  marketable  potatoes  per  acre  are  given  in  the  fol- 
lowing table: 

Table  X[—  Yield  of  Potatoes  ivith  Two  and  Three  Irrigatiom. 


■-■'•■•■ 

plow"d 

plownl 
andMib- 

'ViJS'^ 

tmcalcd  n-ict 

3.WT 

3.aoi 

Pomdi. 

'"" 

B,B7S 

"Tiiis  table  shows  an  increased  yield  dne  to  the  addi- 
tional irrigation  of  over  7fi  pen-ent  on  land  treated  in  the 
usual  way,  and  of  nearly  62.-1  percent  on  subsoiled  land,  the 
average  increase  being  over  69  percent," 

•BulleiiB  No.  HI,  OffidlofEiperJnienlSlalions,  U.S.  Drpiinmcnl  of  AKricoTwre. 
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Some  studies  made  by  the  writer  on  the  amount  of  wa- 
ter on  amount  of  crop,  which  were  published  in  Bulletin  No. 
81  of  the  Office  of  Experiment  Stations,  "The  Use  of  Water 
in  Irrigation  in  Wyoming,"  were  summarized  as  follows: 

•  •  •  There  is  a  limit  to  the  volume  of  water  which  can 
be  used  to  advantage,  beyond  which  it  is  an  injury  to  both 
land  and  crop.  With  alfalfa  the  largest  yield  was  obtained 
with  the  least  water  per  pound  produced,  and  the  same  ia 
true  in  several  case^  with  the  grains  and  potatoes.  How- 
ever, •  •  •  the  results  indicate  that  in  general  the  great- 
est depth  of  water  applied  to  the  crop  by  irrigation  nearly 
corresponds  to  the  maximum  yield,  except  in  the  case  of 
grains  on  sod  land,  or  potatoes,  which  received  little  irri- 
gation. 

**It  will  thus  be  seen  that  we  are  unacquainted  aa  yet 
with  the  amount  of  water  necessary  to  produce  the  best  re- 
sults under  any  known  conditions.  With  too  little  water. 
failure  of  the  crop  is  certain,  and  too  much  water  is  often 
injurious.  So  far,  we  have  been  able  to  obtain  only  a  gen 
eral  idea  of  the  amount  of  water  necessary  to  carry  on  suc- 
cessful agricultural  operations  and  produce  crops  which 
give  larger  average  yields  than  those  raised  under  rainfall. 
Undoubtedly,  applying  water  to  the  plant  when  it  needs 
water  and  not  forcing  it  to  exist  in  the  presence  of  water  in 
excess  of  that  required  is  the  only  scientific  way  of  pro- 
ducing crops." 


GERMINATION  OF  WHEAT  AND  OATS 
TREATED  FOR  SMUT. 


PUBLISHED   AS   PART  OF  THE  TENTH   ANNUAL   REPORT  OF  THE 
WYOMING   AGRICULTURAL   EXPERIMENT 

STATION. 


The  loose  smut  of  oats  and  the  stinking  smut  of  wheat 
are  very  troublesome  on  the  Laramie  Plains.  Unless  the 
seed  planted  be  absolutely  free  from  the  smut  spores  it 
is  impossible  to  raise  clean  grain,  and  if  untreated  seed  is 
planted,  even  though  it  appears  to  contain  very  little  smut, 
the  loss  to  the  resulting  crop  is  great.  In  one  instance, 
actual  count  of  kernels  after  threshing  gave  80  smut  ker- 
nels to  42  sound  ones,  or  over  190  percent  smut,  and 
many  of  the  diseased  kernels  were  broken  to  pieces  in 
the  threshing.  Several  different  methods  of  treating  grain 
for  smut  were  resorted  to  the  present  season  and  after  treat- 
ment as  nearly  average  samples  of  the  grain  as  could  be  se- 
lected were  placed  in  the  germinating  chamber  to  determine 
the  effect  of  the  treatment  on  vitality  of  the  seed.  Several 
samples  of  untreated  seed  were  germinated  as  checks.  The 
observations  were  made  April  16  to  27,  1900.  The  methods 
of  treatment  were  as  follows : 

COPPER  SULPHATE  OR  BLUE  STONE  TREAT- 
MENT:— ^A  solution  was  made  by  dissolving  one  pound  of 
commercial  copper  sulphate  in  twenty-four  gallons  of  water. 
Ainethvst  wheat  and  Lamona  wheat  were  soaked  in  this  so- 
Intion  for  ten  and  one-half  hours.    Scotch  of  Scotch  wheat 
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was  soaked  for  thirteen  hours.  Upon  removing  the  wheat 
from  the  sulphate  solution  it  was  immersed  for  five  minutes 
in  a  solution  made  hy  slacking  one  pound  of  good  lime  and 
then  diluting  to  ten  gallons  with  water. 

POTASSn  M  SILPHIDE  TREATMENT.— A  two  per 
(^ent  solution  was  made  hv  dissolving  eight  pounds  of  potas- 
sium sulphide  in  fifty  gallons  of  water.  Surprise  and  Lin- 
coln oats  were  soaked  in  this  solution  for  two  hours  and 
then  spread  out  to  dry. 

THE   JENSEN    HOT   WATER   TREATMENT:— Two 
barrels  of  water  were  heated  by  passing  steam  into  them. 
A  reliable  thermometer  was  used  to  test  the  temperature. 
The  water  in  barrel  No.  I  was  heated  ro  about  130°F.  The 
grain  in  sacks  was  place<i  in  this  water,  which  would  lower 
the  temp(*rature   ivn  or   fifteen   degrees   when   immersed. 
The  water  in  barrel  No.  2  was  heated  to  fi-om  130  to  1.^5'F. 
The  grain  was  lifttnl  from  barrel  No.  1  to  barrel  No.  2  and 
left  in  the  water  heated  to  130  or  185^F.  for  ten  minutes. 
If  the  temperature  decreased  to  less  than  130°,  the  pain 
was  lifted  out  and  steam  passed  in  to  increase  the  hea*  t(^ 
the  proper  degree,  when  the  grain  was  replaced  until  the 
actual  time  it  was  immersed  amounted  to  a  total  of  ten  min 
utes.    In  some  instances  when  the  water  was  at  a  lower  tem 
perature  than  130°F.,  the  grain  was  left  in  longer  than  the. 
t(»n  minutes  specified  for  the  proper  temperature,  i.  e..  the 
time  the  grain  was  in  the  water  was  not  counted  unless  the 
temperature  was  at  or  above  a  minimum  of  130°F.    Sc(»tch 
of  Scotch  wheat.  Surprise  oats  and  Lincoln  oats  were  <reat- 
(»d  in  this  manner.    Great  care  was  taken  not  to  havp  the 
water  too  hot  or  leave  the  grain  in  too  long,  but  the  result 
on  the  germination  of  the  seed  shows  that  too  much  heat 
was  applieil.     All  the  grain  treated,  except  the  Lan»ona 
wheat,  was  raised  at  Laramie  in  1899.    It  is  possible  that 
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(train  raisrd  at  this  altitude,  on  account  of  its  rapidity  of 
untwtli  and  the  »hort  season,  does  not  produce  seed  coatB 
wliii-li  are  no  thick  as  that  of  grain  raised  where  the  reason 
iH  ionp.  and  thai  the  thin  need  coats  acccunt  for  the  desTUc- 
tion  of  gerniinatin};  jiower  by  water  at  a  temperature  sup- 
poned  to  t)e  safe  in  other  places,  or  by  the  salt  solulions 
I'ouinionly  used  elsewhere.  The  following  table  give^  the 
lesuItH  of  the  germinating  test  of  the  treated  grains  com- 
jiared  with  check  samples  not  treated: 

Ctrmination  of  Wheat  and  Oats  Treated  /or  Smut. 
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It  is  the  object  of  this  paper  to  report  briefly  and  more  or 
less  technically  the  investigations  by  the  Experiment  Station 
with  cultivated  and  native  forage  plants  for  the  Laramie 
Plains.  The  Station  early  took  up  work  with  forage  plants 
and  Bulletin  No.  i6  was  the  first  report  on  them.  This 
bulletin  gave  accounts  principally  of  tlte  native  forage  plants 
which  had  been  collected  up  to  that  time.  Brief  reports  have 
been  made  from  time  to  time  by  this  and  other  departments, 
more  especially  with  forage  plants  for  alkali  soils.* 

No  subject  which  is  being  investigated  promises  results  of 
so  great  value  to  the  farmers  of  the  State.    Where  live  stock 
is  the  basis  of  agricultural  practice,  as  it  is  and  must  be  in  Wy- 
oming, the  importance  of  raising  abundant  and  cheap  stock 
food  can  hardly  be  overestimated.     The  natural  ranges  have 
greatly  deteriorated  through  over-stocking,   which   has   pre- 
vented the  best  grasses  from  re-seeding  themselves  for  so  long 
a  time  that  they  have  run  out.     Not  only  is  the  improvement 
of  the  native  range  important,  but  greater  hay  production  from 
our  native  and  cultivated  meadows  is  a  matter  of  prime  im- 
portance.   No  doubt  there  are  many  grasses  and  forage  plants 
which  can  be  introduced  and  cultivated  that  will  greatly  in- 
crease the  vield  of  hav  obtained.    This  matter  is  of  such  vital 
interest  that  our  farmers  and  ranchmen  are  ever  ready  to  spend 
their  money  for  greatly  advertised  grasses  or  forage  plants, 
and   go  to  much  trouble  and  expense  giving  them  trial  on 
their  hay  lands.     Many  bought  sachaline,  which  proved  abso- 
lutely valueless  in  every  part  of  the  state.     Many  more  are 

•See  Wyo.  Sta.  Bui.  No.  42,  by  Aven  Nelson,  Botanist  of  the  Station. 
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buying  Australian  salt  bush,  which  is  a  tropical  plant  and  will 
not  succeed  in  our  climate.  Ranchmen  everywhere  are  now 
buying  seed  of  the  Awnless  Brome  grass,  which  our  experi- 
ments have  shown  is  poorly  adapted  to  our  high  altitude?.  It 
seems  that  a  ton  of  it  will  cost  more  than  it  will  ever  be  worth, 
as  it  makes  slow  growth  and  produces  very  small  yields  at 
Laramie.  However,  it  is  a  valuable  grass  in  some  localities, 
especially  where  the  rainfall  reaches  17  to  20  inches  per  an- 
num. 

We  have  tried  many  varieties  of  grasses  and  many  kinds 
of  other  forage  plants.  In  1895  we  began  co-operation  with 
the  Division  of  Agrostology  of  the  United  States  Department 
of  Agriculture,  from  which  source  we  obtained  many  varieties 
of  seed  which  are  not  obtainable  as  yet  except  in  very  small 
amounts  as  collected  in  the  native  home  of  each  plant.  These 
have  been  grown  with  the  hope  that  some  among  them  might 
prove  worthy  of  extended  planting  and  spreading  of  the  seed 
among  our  farmers.  Results  of  value  have  been  obtained. 
Some  of  the  kinds  tried  have  already  been  proven  worthless, 
others  have  not  yet  been  sufficiently  investigated  to  enable  us 
to  form  an  opinion  of  their  value,  and  still  others  have  given 
most  promising  results.  We  believe  the  following  brief  report 
of  these  trials  will  be  of  interest  and  value. 

At  the  end  of  this  report  we  have  given  three  lists  of  for- 
age plants,  the  first  one  being  a  list  of  those  which  have  shown 
themselves  worthy  of  further  trial,  the  second  one  being  a  list 
of  those  which  have  not  yet  furnished  sufficient  data  frcMn 
which  to  determine  their  usefulness  or  uselessness,  and  the 
third  one  being  a  list  of  those  which  have  proven  themselves 
useless  under  the  conditions  of  climate  at  our  high  altitude. 
The  second  list,  no  doubt,  contains  many  plants  which  arc 
valueless  at  this  altitude,  but  unless  our  results  have  been  such 
as  to  fully  prove  them  so,  we  have  given  them  the  benefit  of 
the  doubt. 
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Alfalfa  (Medicago  sativa.) 

Results  obtained  by  the  Station  in  cropping  alfalfa  are 
reported  in  Bulletin  No.  43,  and  need  not  be  repeated  here. 
Its  value  as  a  fertilizer  was  reported  in  Bulletin  44.  No  other 
forag^e  plant  which  has  been  tried  approaches  alfalfa  in  general 
value.  It  ranks  first  in  Wyoming.  It  is  productive  and  adapts 
itself  to  our  conditions  of  soil  and  climate.  Alfalfa  must  bt 
irrigated  and  cannot  be  grown  on  low  wet  land.  At  altitudes 
over  6,000  feet  it  should  be  given  special  preparation  of  the 
land  and  be  planted  with  a  press  drill. 

Alsvke  (Trifolium  hybridum.) 

A  plat  planted  in  1896  made  a  poor  stand.  The  plants 
grew  well  in  the  summer  of  1897  but  winter  killed  the  follow- 
ing winter.  Plants  have  spread  to  different  parts  of  the  farm 
and  grow  well  along  the  ditches,  or  where  covered  with  snow 
drifts  in  the  winter.  It  may  have  some  value  to  improve  wet 
meadows,  especially  in  sheltered  places. 

Red  Clover  (Trifolium  praiense,) 

A  plat  planted  with  press  drill  May  ist,  1894,  made  poor 
stand.  Harvested  August  9,  1895,  and  yielded  1,426  pounds 
per  acre.  Another  plat  planted  May  23,  1896,  made  a  scat- 
tering stand.  It  was  cut  to  clean  off  weeds  in  1897.  In  1898 
the  plat  yielded  2,628  pounds  per'  acre.  In  1899  i^  yielded 
1,080  pounds  per  acre  and  1,800  pounds  per  acre  in  1900.  Red 
clover  is  apt  to  winter  kill  at  this  altitude  and  cannot  be  ex- 
pected to  produce  a  crop  the  first  season  from  seed. 

Mammoth  red  clover  was  planted  in  1896.  In  1897  it 
was  growing,  but  a  poor  stand  was  secured,  and  practically  all 
was  winter  killed  in  following  winter. 

Crimson  Clover  (Trifolium  incarnatum.) 
Has  been  tried  at  Laramie  but  failed. 
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White  Clover  (Trifolium  re  pens.) 
Is  used  in  lawns.    Grows  well  and  spreads  rapidly  where 
kept  wet.    Is  apt  to  winter  kill. 

Egyptian  Clover  (Trifolium  Alexandrinum.) 

Planted  May  22,  1896.  Good  stand.  Blossomed  August 
5.     Grew  six  to  eight  inches  high.     Was  not  cut. 

Bokhara  Clover  (Mililotus  alba.) 
Planted  on  May  21,  i8g6,  on  alkali  ground.     Produced 
only  a  medium  stand.    Cut  in  1897  but  no  record  of  yield  was 
kept. 

Planted  May  12,  1897,  on  alkali  land  with  press  drill 
August  I,  1898.  plants  in  full  bloom.  Highest  plants,  6^2  feet 
Yield  cured  hay,  9.226  pounds  per  acre.  In  1891  some  seed 
was  planted  on  high  land  which  could  not  be  irrigated  It 
grew  9  inches  high  the  first  season  and  ripened  seed  the  sec- 
ond year,  re-seeding  for  several  years.  This  clover  is  a  great 
drouth  and  alkali  resisting  plant.  It  has  a  strong  odor  and  is 
unpalatable  to  stock.  In  the  presence  of  superior  forage  it  is 
hardlv  worth  while  to  attempt  to  educate  stock  to  eat  it  Its 
only  value  in  our  state  is  as  a  honey  plant  (for  which  purpose 
it  is  superior  to  almost  any  other) ,  and  as  a  plant  to  grow  on 
strong  alkali  ground  for  green  manure.  See  Wyo.  Sta.  Bui. 
No.  16,  p.  236. 

IU'Rr  or  California  Clover  (Medicago  maculata.) 

Planted  in  1895.  ^rew  well  and  re-seeded  every  yeai  tor 
four  years.  This  is  a  small  annual  recumbent  clover  which 
would  only  be  of  value  for  pasturage,  where  the  seed  could 
be  harrowed  in  each  vear. 

Flat  Pea  ( Lathy r us  Sylvester  wagneri.) 
The  seed  was  planted  and  the  roots  were  also  set  out  in 
the  spring  of   1895.     It  makes  a  luxuriant  growth,  resists 
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drouth  well  and  does  not  winter  kill.  We  cut  it  but  once  dur- 
ing the  season.  Its  serious  and,  in  Wyoming,  fatal  drawback, 
like  the  sweet  clover,  is  lack  of  palatability.  We  have  not  been 
able  to  induce  stock  to  touch  it,  either  green  or  cured  for  hay. 
It  requires  three  or  four  years  for  it  to  become  well  enough 
established  to  produce  heavy  yields  at  Laramie. 

English  or  Dwarf  Essex  Rape  (Brassica  napus.) 

In  1894  rape  planted  on  alkali  soil  yielded  14.59  t^^ons 
green  forage  per  acre.  In  1899  ^^  yielded  15.95  ^^"s  green  for- 
age per  acre.  It  is  relished  by  stock  and  will  be  eaten  through 
the  winter  as  long  as  any  of  it  is  left  standing.  After  being 
frosted,  if  eaten  by  milch  cows  it  is  apt  to  give  an  unpleasant 
flavor  to  the  milk  and  butter.  It  is  necessary  to  plant  rape 
each  year,  but  it  promises  to  be  of  great  value,  especially  for 
alkali  land. 

Brome  Grass  (Bromis  inermus.) 

The  first  plat  was  planted  in  the  spring  of  1896.  Since 
then  two  or  three  more  plats  have  been  planted.  We  have 
given  it  a  very  thorough  trial  and  find  that  it  is  easy  to  start, 
resists  drouth  and  our  severe  winters,  but  will  produce  scarce- 
ly enough  hay  to  pay  for  cutting.  One  plat  of  nearly  one-half 
acre  yielded  at  the  rate  of  593  pounds  cured  hay  per  acre  in 
1899,  ^"^  ^^*s  is  representative  of  what  it  has  done  during  the 
four  years  we  have  tried  it  on  the  Station  Farm  at  Laramie. 
It  might  be  well  to  state,  however,  that  at  lower  altitudes  in 
the  state,  particularly  in  the  vicinity  of  Sundance,  it  had  proved 
itself  to  be  of  much  value  as  a  hay  crop. 

Sanfoin  or  Esparsette  (Onohrychis  sativa.) 

This  was  planted  with  a  press  drill  on  native  prairie 
in  1892.  It  was  irrigated  the  first  season.  It  made  some 
growth,  resisted  drouth  well,  and  did  not  winter  kill.  It  may 
prove  of  value  to  improve  the  range,  but  no  experimentF  in 
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this  particular  line  have  yet  been  carried  out.  In  1896  a  plat 
was  planted  and  made  a  scattering  stand.  It  made  a  good 
growth  in  1897  but  the  yield  was  not  taken.  In  1898  it  yielded 
at  the  rate  of  4,666  pounds  cured  hay  per  acre,  and  in  1899, 
2,736  pounds.  On  the  whole  it  seems  to  be  a  very  promising 
forage  plant  for  this  region,  but  does  not  yield  so  much  hay 
as  does  alfalfa. 

Tall  Meadow  Oat  Grass  (Arrhenatherum  avenaceum.) 

Planted  in  1896  but  did  not  come  up  till  1897  and  only 
made  a  scattering  stand ;  consequently  the  yield  obtained  was 
light,  it  being  only  1,584  pounds  cured  hay  per  acre  in  1899. 
Owing  to  the  fact  that  it  attains  a  height  of  between  thre*-  and 
four  feet  comparatively  early  in  the  season  and  does  not  ^^ 
quire  an  excessive  amount  of  water,  it  may  prove  of  value  to 
use  as  a  mixture  with  alfalfa. 

Timothy  (Phleum  pratense.) 

This  has  been  given  careful  trial  since  1 891  on  the  Sta- 
tion Farm.  We  find  that  on  high  open  places  exposed  to  the 
drying  winds  of  winter  which  prevent  snow  remaining  long  on 
the  ground,  timothy  does  not  do  well.  It  does  not  seem  to 
grow  vigorously  and  is  apt  to  winter  kill.  One  plat  peldcd 
at  the  rate  of  2,444  pounds  of  cured  hay  per  acre  in  1898  and 
1,080  pounds  in  1899.  ^^  ^^i"^  ^  recommended  for  meadows 
which  are  kept  comparatively  wet. 

Millet  f  Pant  cum  fnilaceum.) 
No.  2795  from  the  United  States  Department  of  Agricul- 
ture yielded  3,569  pounds  per  acre  of  cured  hay  in  1899.  ^* 
seed  was  sown  very  thickkly.  The  plants  were  frosted  August 
24  before  they  matured.  A  number  of  kinds  of  millet  have  re- 
ceived trials  but  the  season  at  this  altitude  is  not  long  enough 
for  them. 
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Hairy  or  Sand  Vetch  (Vicia  villosa,) 

1898 — Planted  May  11  and  13  with  oats.  One  plat  yield- 
ed 4,666  pounds  per  acre  and  the  other  plat  gave  a  yield  of 
4,659  pounds  per  acre  of  cured  hay.  This  yield  was  oats  and 
vetch.  A  second  cutting  of  the  vetch  was  made  in  Septem- 
ber, giving  a  yield  of  888  pounds  per  acre. 

1899 — Yielded  1174  pounds  per  acre  on  August  7.  About 
one-half  the  plants  were  killed  during  the  winter. 


The  Station  received  on  March  i,  1897,  seeds  of  one  hun- 
dred thirty-five  different  forage  plants  from  the  Division  of 
Agrostology  of  the  United  States  Department  of  Agriculture. 
These  consisted  principally  of  native  grasses  collected  in  and 
adjacent  to  the  Rocky  Mountains.  As  only  small  amounts  of 
seed  were  received  only  small  plats  could  be  planted.  A  por- 
tion of  Acre  Plat  16  on  the  Farm  was  laid  aside  for  the  work 
and  carefully  prepared.  Plats  three  by  three  feet,  or  contain- 
ing nine  square  feet,  were  laid  out  with  paths  two  feet  wide  on 
two  sides  and  one  and  one-half  feet  wide  on  the  other  two 
sides  of  each  plat. 

On  July  15,  16  and  17  the  seeds  were  planted  by  hand 
and  carefully  raked  in.  Begining  on  July  17,  the  plats  were 
watered  with  a  sprinkling  pot  night  and  morning,  except  when 
it  rained,  for  one  or  two  weeks,  or  until  the  majority  of  the 
plants  were  up.  On  August  18,  banks  were  laid  up  on  the 
paths  running  north  and  south  so  that  bed  irrigation  could  be 
practiced  with  each  tier  of  plats.  The  plats  were  then  irrigated 
on  the  following  dates :  August  18,  24  and  September  4.  In 
1898  the  plats  received  thorough  irrigations  on  June  16,  July 
2,  July  25,  September  2  and  September  16.  In  1899  the  plats 
were  irrigated  June  10,  August  4  and  5  and  September  28. 

The  following  is  a  list  of  the  forage  plants  sown,  together 
with  notes  on  their  growth  and  condition  in  1898  and  1899, 
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respectively.  In  reporting  the  height  and  length  of  heads  the 
meter  is  the  unit  of  measure  used.  The  yield  per  acre  is  com- 
puted in  some  instances,  which  will  be,  of  course,  only  approxi- 
mately correct,  on  account  of  the  extremely  small  area  of  the 
plats,  nine  square  feet  in  each. 

Agropyron  acutum  (Europe.) 
189&— 

Aug.  3,  fair  stand;  fully  headed;  height,  1.08  m.;  cut, 
weight,  cured,  i  lb.,  8.5  oz. 
1899— 
June  9 — Good  stand. 
July  14 — Beginning  to  head. 

Aug.  8 — Height,  1.05  m. ;  fair  stand;  just  starting  to 
change  color  at  the  tips  of  the  heads;  cut;  weight, 
green,  2.5  lbs;  weight,  cured,  i  lb.  3  oz. ;  2.8  tons 
cured  hay  per  acre. 

Agropyron  caninutn  R.  &  S. 
1898— 

Aug.  3 — Good  stand;  fully  headed;  height,  1  m.;  cut; 
weight,  cured,  2  lbs.,  3.8  oz. 
1899 — 
June  9 — Good  stand. 
July  20 — Heading. 

Aug.  21 — Beginning  to  ripen;  fair  stand  but  only  headed 
around  the  edges;  height  at  edges,  0.46  m. ;  cut: 
weight,  green,  i  lb  ,  15  oz. ;  4.6  tons  green  fodder  per 
acre;  2.3  tons  cur^^-d  hay  per  acre. 

Agropyron  divergens, 
1898— 

Fair  stand:  fully  headed;  height,  0.8  m. ;  cut:  weight, 
cured,  10  oz. 
1899 — 
July  7 — Headed:  varies  in  height. 
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July  25 — Height,  0.55  1 :. ;  length  of  heads,  0.15  m. ;  good 
stand;  yellowing;  cut;  weight,  green,  i  lb.;  weight, 
cured,  8.5  oz. ;  i  J -3  tons  cured  hay  per  acre. 

Agropyron  pseudorepens, 
1898— 
The  grass  growing  is  evidently  not  the  species  named. 

Agropyron  repens.  Beam. 
1898— 
Aug.    3 — Headed;   good    stand;    height,   0.75    m. ;    cut; 
weight,  cured,  3  lbs.,  6  oz. 
1899— 
Aug.  8 — Heading;  height  very  uneven. 
Sept.  26 — Ripened  by  frost ;  headed  on  edges  of  plat,  not 
in  center;  height  on  edges,  1.2  m. ;  cut;  weight,  green, 
2  lbs.,  12  oz. ;  weight,  cured,  i  lb.,  9  oz. ;    3.8  tons 
cured  hay  per  acre. 

Agropyron  richardsonii,  School. 
1898— 

Aug.  3 — Good  stand;  headed;  cut;  weight,  cured,  2  lbs., 
5  oz. 
1899— 
July  20 — Headed  around  edges  of  plat. 
Aug.    21 — Heads   changing   color;   poor   to    fair   stand; 
height,  0.6  m. ;   cut;  weight,  green,   2   lbs.,   2  oz. ; 
weight,  cured,  i  lb.,  3.5  oz. ;  2.9  tons  cured  hay  per 
acre. 

Agropyron  spicatum,  S.  &  S. 
189&-- 

Aug.  3 — Good  stand ;  headed ;  height,  0.6  m. ;  cut ;  weight, 
cured,  i  lb. 

1899— 

Sept.  26 — Not  headed;  fair  stand;  height,  0.18  m. ;  not 

cut. 
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Agropyron  tenerum,  Vasey. 
1898— 
^^S'  3 — Very  good  stand ;  lower  leaves  much  thicker  than 
on  the  other  agropyrons ;   headed ;  height,  i  m.;  cut; 
weight,  green,  3  lbs. 
1899— 
July  24 — Heading  around  edges  of  plat. 
Aug.  21 — Heads  changing  color  some ;  good  stand  but 
few  heads  in  center  of  plat;  height,  0.7  m.:  cut; 
weight,  green,  i  lb.,  7  oz. ;  weight,  cured,  14  oz.;2.i 
tons  per  acre  of  cured  hay. 

Alopecurxis  occidentalis. 
189&— 
Aug.  3 — Only  two  or  three  small  plants ;  ripe ;  height,  o.;j 
m. ;  cut ;  weight,  cured,  1.5  oz. 
1899— 
June  9 — Headed. 

July  7 — Stand  thin ;  only  a  few  stems ;  seeds  starting  to 
ripen;  height,  0.43  m. ;  length  of  heads,  0.015  m.; 
weight,  cured,  i  oz. 

Andropogon  cinhatus. 
Dead. 

Andropogon  nutans  avenacens,  Hack. 
Dead. 

Andropogon  provincialiSj  L.  (A.  furcatus,  Muhl.)  _ 

Dead. 

Andropogon  scoparius. 
Dead. 

Arrhenathertitn  elatius,  M.  &  K. 
189&— 
Aug.  3 — Badly  mixed ;  two  distinct  varieties ;  cut  togeth- 
er ;  weight,  cured,  2  lbs. 
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1899— 
July  7 — Headed ;  two  species  mixed. 
July  25 — Good  stand ;  height,  0.95  m. ;  cut ;  weight,  green, 
I  lb.,  12.5  oz. ;    cured,  12.5  oz. ;    1.9  tons  cured  hay 
per  acre. 

Arundinaria  macrosperma,  Michx. 
Dead. 

Astragalus  carolinianus,  L. 
Never  came  up. 

Astragalus  crassicarpus,  Nut. 
Never  came  up. 

Atrip  I  ex  canescens,  James. 
Dead. 

A  triplex  hal into  ides. 

Dead.  / 

A  triplex  Icptocarpa, 
Dead. 

Atriplex  nummularia. 
Dead. 

Atriplex  semibaccata. 
Dead. 

Atriplex  truncata. 
Dead. 

Australia  Old  Man  Salt  Bush, 
Never  came  up. 

Beckrnannia  erucaeformis,  Host. 
1898— 

Aug.  3 — Headed;  poor  stand;  starting  to  ripen;  height, 
0.53  m. ;  cut ;  weight,  cured,  5.3  oz. 

1899— 
Dead. 
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Bigelovia  grave oleus  albicaulis. 
Never  came  up. 

Bouteloua  eriopoda,  Torr. 
Dead. 

Bouteloua  juncifolia,  (H.  B.  K.)  Lag. 
Dead. 

Bouteloua  microstachya. 
Dead. 

Bouteloua  oligostachya,  Torr. 
1898— 

Aug.  3 — Fairly  good  stand;  not  headed;  height,  o.i  m. 
1899— 
July  14 — Fair  stand ;  short  tufted  ;  height,  0.06  m. 
Sept.  26 — Has  not  grown  since  July  14  in  center  of  plat: 
an  occasional  head  near  edges  of  plat;  height  here 
about  0.4  m. 

Bouteloua  racemosa,  Lag. 
Dead. 

Bouteloua  rothrockii,  Vasey. 
Dead. 

Bromus  adoensis. 
Dead. 

Bromus  carinatus. 
Dead. 

Bromus  ciliatus,  L. 
1898— 

Aug.   3 — Good  stand ;  headed ;  height,  0.8  m. :    weight, 
cured,  i  lb.,  10.5  oz. 
1899— 
July  7 — Edges  heading;  center  of  plat  not  heading. 
Aug.   8 — Height,  0.7  m. ;  changing  color :   cut :  weight, 
green.  2  lbs;  cured,  15  oz. 
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Bromus  inermus,  Leys. 
1898— 
Aug.  3 — Very  good  stand;  partially  headed;  a  thick  mat 
of  grass ;  cut ;  height,  0.9  m. ;  weight,  cured,   3   lb., 
14.5  oz. 
1899— 
July  7 — Heading. 

Aug.  8 — Heads  not  abundant;  changing  color;  height, 
0.8  m. ;  cut ;  weight,  green,  2.5  lbs. ;  weight,  cured, 
I  lb.,  1.5  oz. ;  2.6  tons  cured  hay  per  acre. 

Bromus  ptirgans, 
1898— 
^^S-    3 — Headed ;    good    stand ;    height,    0.92    m. ;    cut ; 
weight,  cured,  i  lb.,  4.7  oz. 
1899 — 

July  7 — Headed  on  edges  of  plat. 

July  20 — Well  headed. 

Aug.    8 — Changed    color   some ;    height,    0.75    m. ;    cut ; 

weight,  green,  i  lb.,  12  oz. ;    weight,  cured,  13  oz. ; 

2.0  tons  cured  hay  per  acre. 

Bromus  tectorum,  L. 
1898— 

Aug.  3 — Very  fine  stand ;  fully  headed  and  ripe ;  height, 

0.6  m. ;  cut ;  weight,  cured,  4  lbs.,  8.5  oz. 
1899— 
July   I — Headed:  spreading  out  larger  than  the  original 

plant. 
July    25 — Heijght,  0.55   m. ;  cut ;   weight,   green,   5   lbs. ; 

weight,  cured,  2  lbs.,  6.5  oz. ;   5.8  tons  cured  hay  per 

acre.  • 

Bromus  unioloides. 
Dead. 

Bulbilis  dactvloides,  Raf. 
Dead. 
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CalamagrosHs  canadensis. 
Never  came  up. 

CalamagrosHs  confinis. 
Never  came  up. 

Calamagrostis  dubia. 
Dead. 

Calamagrostis  purpurascens, 
1898— 
Aug.  3 — A  few  small  plants  not  yet  headed;  height  about 
.13  m. 
1899 — 
July  7 — Headed;  height,  0.35  m. 
Aug.  8 — Species  mixed ;  plat  not  cut. 

Calamovilfa  Ion gi folia. 
1898— 

Sept.  26 — Poor  stand. 
1899— 

Dead. 

Car  ex  straminca. 
Dead. 

Chaetochloa  glaiica. 
Dead. 

Chi  oris  elcgans. 

Never  came  up. 

Chloris  verticillata. 

Dead.  !  .    ' 

Dalca  alopccuroides.  • 

Dead. 

Dasvlirion  texanum,  Sotol. 

Never  came  up.  i 
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Dcschampsia  caespitosa,  Beauv. 
1898— 

Aug.  3 — A  few  plants  not  yet  headed;  about  0.5  m.  high. 
1899— 

July  7 — Headed. 
.  Aug.  8 — It  is  doubtful  if  this  is  the  species  named ;  ripe ; 
height,  0.45  m. ;  was  not  cut. 

Dcsmodiunt  iorinosum. 
Dead. 

Eatonia  obtusata. 
1898— 
-^"^-  3 — Two  or  three  plants  headed;  height,  0.6  to  0.7 
m. ;  cut ;  weight,  cured,  i  .3  oz. 
1899— 
July  7 — Heading. 

Aug.  8 — Nearly  ripe ;  poor  stand ;  height,  0.62  m. ;  cut ; 
weight,  cured,  3  oz. 

Elcusinc  australis,  Scribn. 
Never  came  up. 

Ely  THUS  canadensis,  L. 
1898— 

Aug.  3 — \*ery  good  stand ;  headed ;  height,  0.9  m. ;  cut ; 
weight,  cured,  5  lbs.,  9  oz. 
1899 — 

July  14 — Good  stand. 
Aug.  8 — Heading. 

Sept.  16 — Seed  ripe;  probably  hastened  by  frost;  is  about 
the  same  height  in  center  of  plat  as  on  edges,  which 
is  not  the  case  with  most  of  the  species  in  experi- 
ment: height,  I.I  m. ;  cut;  weight,  green,  3  lbs.,  10 
oz. ;  weight,  cured,  2  lbs.,  9  oz. ;  6.0  tons  cured  hay 
per  acre. 
<2)- 
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FJymiis  canadensis  glaucif alius, 
i8(;8— 
Aug.  3 — Fair  stand. 

Aug.  29 — Headed;  height,  i  ni. ;  length  of  heads,  0.14  m.; 
cut ;  weight,  cured,  i  lb.,  8  oz. 
1899— 
Sept.  2^) — Headed  ;  still  green  ;  height,  i  ni. ;  cut :  \vcig:ht, 
green,  2  lbs.,  i  oz. ;  weight,  cured,  i  lb.,  5  oz.:  \\ 
tons  cured  hay  per  acre. 

Elymus  gigantcoiis  (Europe). 
i8<;8— 
^^tig.  3 — \  cry  good  stand ;   headed :    height,   i  m.  to  12 
m. :    cut:    weight,  cured,  3  lbs.,  13.7  oz. 
i8<;9— 
July  14 — Good  stand;  ai>parcntly  a  promising  plant. 
Aug.  8 — Heading. 

Sept.  26-— Heads  ripened  by  frost;  height,  i  m. :  cat: 
weight,  green,  4  lbs.,  1 1  oz. ;  \\  eight,  cured,  2  IKs.. 
13.5  oz, 

lilynnts  glaiicus,  Buckl. 
Never  came  up. 

lilynnts  2'irginicus,  L. 
"1 898— 

Aug.  3 — Wtv  good  stand;  just  starting  to  head. 
Aug.    15 — Height.  0.83  m. ;  cut;   weight,  cu-ed,   2    i-." 
1 1.5  oz. 
1 8<;)9~ 

fuly  14 — Good  stand;  abundant  foli;jge. 
Sept.    26 — Headed;    still    green;    height,    0.7    m. :    cut: 
weight,  green,  3  lb.,  13.5  oz. ;  weight,  cured,  8.3  cz  : 
6.1  tons  cured  hay  per  acre. 

Emotia  lanata,  h. 
T>ad. 
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Eragrostis  abyssinica,  Teff . 
Dead. 

£  ragrostis  p  u  rsh  ii. 
Dead. 

Eragrostis  major. 
Never  came  up. 

£ ragrost is  nco-m cxica no. 
Dead. 

Eragrostis  pilosa. 
Dead. 

Eragrostis  tenidis,  A.  Gray 
Dead. 

Erodium  cicutarium,  Alfilaria. 
Never  came  up. 

Euchlaena  mexicano. 
Dead. 

Festuca  arundinacca. 
1898— 

^"&-  3 — f^i"^  stand;  leaves  thick;  height,   i.i   m. ;  cut; 
weight,  cured,  2  lbs.,  15.5  oz. 
1899— 

July  7 — Heading  along  edges  of  plat. 
July  14 — Good  stand. 

.\ug.  8 — Comparatively  few  heads  for  amount  of  foliage ; 
heads  changing  color ;  height,  0.8  m. ;  cut ;  weight, 
green,  3  lbs.:  weight,  cured,  i  lb.,  1.5  oz. 
Sept.  26 — Second  growth  about  0.2  m.  high  :  2.6  tons  cured 
hay  per  acre. 

Festuca  fcnas. 
1898— 

Fine  stand :  an  occasional  head :  forms  a  thick  mat  on  the 
ground. 
—(3) 
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1899— 
July  20 — Well  headed. 
July  25 — Height,  0.6  m. ;  fine  stand;  closely  matted:  cut; 

weight,  green,  i  lb.,  4  oz. ;  weight,  cured,  10  oz. 
Sept.  26 — Thick  second  growth ;  would  make  fine  wnter 
pasture ;  not  high  enough  to  cut,  being  about  0.2  m. 

Festuca  ovina  arizonica. 
1898— 

Aug.  3 — Poor  to  fair  stand ;  not  headed.    ' 
1899— 
July  7 — Heading  on  edges  of  plat. 
July  20— Height,  0.65  m. ;  good  stand ;  cut ;  weight,  grt-en, 

12.5  oz. ;  weight,  cured,  7.5  oz. 
Sept.  26 — Small  second  growth;  i.i  tons  cured  hay  per 
acre. 

Festuca  ovina  duriuscula. 
1898— 

Aug.  3 — Good  stand ;  height,  0.3  m. 
189-)— 
June  9 — Headed. 

July  7 — Tips  of  heads  beginning  to  change  color :  height. 
0.42  m. :  weight,  green,  i  lb.,  2  oz. :  weight,  cured.  9 
oz. 
Sept.  26— Second  growth  forms  short,  thick  mat:  1.3  tons 
cured  hay  per  acre. 

Festuca  ovina  duriuscula  (Second  plat). 
1898— 
Poor  to  fair  stand ;  forms  a  thick  mat  where  plants  are: 
an  occasional  head :  height,  0.35  m. 
1809 — 
June  9— Headed. 

July  7 — Height,  0.4  m. :  cut;  weight,  green,  i  lb..  3  te- 
weight,  cured,  8.5  oz. 
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Sept.  26 — Small  second  growth;  1.3  tons  cured  hay  per 
acre. 

Festuca  ovina  salcata. 
1898— 
^^S-  3 — Good  stand;  forms  a  thick  mat;  an  occasional 
head ;  height,  0.37  m. ;  cut ;  weight,  cured,  6.3  oz. 
1899— 
June  9 — Headed. 

July  7 — Height,  0.34  m. ;  same  all  over  plat;  length  of 
heads,  0.05  m. ;  cut ;  weight,  green,  12.5  oz. ;  weight, 
cured,  6  oz. 
Sept.26 — Small  second  growth;  0.9  tons  cured  hay  per 
acre. 

Pesiuca  ovina,  var.  (Europe.) 
1898— 

^^^'  3 — Fair  stand;  not  headed;  forms  a  rather  thick 

mat. 
1899— 
jaiy  7 — Headed ;  cut ;  weight,  green,  12  oz. ;  weight,  cured, 

5  oz. 
Sept.  26 — Good  second  growth;  0.7  tons  cured  hay  per 

acre. 

Festuca  ovina,  L.  var. 
1898— 

Aug.  3 — Fair  stand ;  not  headed. 
1899— 

July  7 — Headed  ;  changing  color ;  stand  thin  ;  mixed  with 

other  grasses:  height,  0.5  m. ;  length  of  heads,  0.075 

m. :  cut ;  weight,  green,  5  oz. ;  weight,  cured,  4.5  oz. 

Sept.  26 — Good  second  growth;  0.6  tons  cured  hav  per 

acre. 
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Fcstuca  pratcnsis. 
1898— 
Aug.  3 — Very  good  stand ;  headed  and  about  ripe :  height. 
0.77  m. ;  cut ;  weight,  cured,  2  lbs..  1 1  oz. 
i8c)9 — 
July  7 — Heading. 

July  25 — Height,  0.75  m. ;  length  of  heads,  0.17  ni. ;  good 
stand  ;  cut ;  weight,  green,  2  lbs.,  8  oz. ;  weight,  cured, 
I  lb. ;  2.4  tons  cured  hay  per  acre. 

Fcstuca  rubra  glaucescens. 
1898— 
Aug.  3 — Poor  stand ;  thick  mat ;  starting  to  head :  height 
alx)ut  0.48  m. 
1899— 
July  7 — Headed. 
July  14 — Grows  in  thick  clumps. 
Aug.  8 — Changing  color ;  height,  0.45  m. :  cut :  weight, 

green,  1.5  lbs.;  weight,  cured,  10.5  oz. 
Sept.  26 — Good  second  growth;   1.5  tons  cured  hay  per 
acre. 

Glyceria  aqxiatica. 
Dead. 

Glyceria  nervata. 
Never  came  up. 

Glycine  hispida. 
Dead. 

Glycynliza  Icpidota. 
Never  came  up. 

Hilar ia  ccnchroides. 
Dead. 

Hilaria  jamesii. 

Never  came  up. 
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Hilaria  rigida. 

Never  came  up. 

Hordeum  adsccndens. 
Dead. 

Hordeum  bulbosum. 
1898— 
Aug.  3 — Poor  to  fair  stand  ;  headed  ;  height,  0.89  m. ;  cut ; 
weight,  cured,  9  oz. 
1899— 
Dead 

Hordeum  chilcnse. 
189&— 

Aug.  4 — Poor  stand  ;  headed ;  height,  0.28  m. ;  cut ;  weight, 
cured,  1.8  oz. 
1899— 
No  notes. 

Hordeum  pratense. 
1898— 

Aug.  4 — Poor  stand  ;  headed ;  height,  0.4  m. :  cut ;  weight, 
cured,  3.5  oz. 
1899— 
No  notes. 

Hosackia  p u rsh  ians. 
Never  came  up. 

Koeleria  cristafa. 
1898— 

Aug.  4 — Poor  to  fair  stand ;  headed ;  height,  0.35  m. 
1899— 

July  7 — Headed. 

July  25 — Height,  0.38  m. ;  length  of  heads,  0.09  m. ;  makes 
a  poor  general  showing;  cut ;  weight,  green.  10.5  oz. ; 
weight,  cured,  6  oz. :  0.9  tons  cured  hay  per  acre. 
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Koclcria  nitida. 

Au«f.  4 — Poor  stand ;  headed ;  height,  0.35  m. 
1899— 
July  7 — Fully  headed ;  height,  0.38  m. 
July  20 — Cut ;  weight,  green,  8  oz. ;  weight,  cured,  5  oz. 

Koclcria  valcsiaca, 
1898— 
Aug.  4 — Poor  stand ;  only  four  or  five  plants ;  apparently 
not  very  thrift  v. 

m  90 

i8(;9— 
July  7 — Headed:    height,  0.25  m. ;   very  poor  stand:  not 
cut. 

Lcptochloa  itubricata. 
Dea.l. 

Loliittn  pc  re  fine. 
1898— 
.\ug.  15 — Good  stand;  well  headed;  height,  0.65  m. ;  cut; 
weight,  cured,  I  lb.,  i  oz. 
1899— 
July  24 — Very  poor  stand ;  a  few  beginning  to  head. 
Sept.  26 — Not  over  twenty  heads  in  all ;  fully  ripe:  height, 
0.5  m. ;  cut;  weight,  green,  6  oz. ;  weight,  cured,  3.5 
oz. 

Lycurus  phlcoides,  H.  B.  K. 
Dead. 

L\\i^ciim  sparhiffi. 
Dead. 

Melica  altissima. 
1898— 
Aug.  4 — Three  or  four  plants ;  headed ;  height,  0.45  m. 
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1899— 
July  14 — Only  four  bunches  in  all;  well  headed;  heads 
whitening;  height,  0.75  m. ;  was  not  cut. 

Muhlcnbergia  racemosa, 
1898— 

Good  stand ;  not  headed. 
1899— 
Julyi4 — Good  stand. 

Sept.  26 — Still  green;  yellowing  from  frost;  height,  0.5 
m. ;  cut. 

Polygonum  ramosissifnum. 
Never  came  up. 

,Panicularia  aquatica. 
1898— 

Aug.  4 — Poor  stand;  not  thrifty;  not  headed. 
1899— 

Dead. 

Panicum  colonum. 
1898— 

Aug.  4 — One  or  two  plants  that  may  be  the  species  planted. 
1899— 
July   7 — One  bunch  that  may  be  the  species;   headed; 
height,  0.6  m. 

Panicum  crusgalli. 
1898— 

Aug.  4 — A  few  plants ;  not  tillered ;  not  headed. 
1899— 

Dead. 

Panicum  frumentaceum. 
Dead. 

Panicum  texanum. 
1898— 

Aug.  8 — One  plant  that  may  be  the  species. 
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1899 — 
Dead. 

Panicum  virgatum. 
Never  came  up. 

Paspalum  dilatatum. 
Dead. 

Paspalum  pnbiHorium  globrum. 
Never  came  up. 

Pencedanium,  sp.   (Kooma  from  mountains  in  Persia.) 
Never  came  up. 

Phalaris  arundinacea. 
Never  came  up. 

Phalaris  caroliniana,  Walt.   (P.  intermedia.) 
1898— 
Aug.  4 — Poor  stand;  headed  and  ripening;  height.  042 
m. ;  cut ;  weight,  cured,  1.5  oz. 
1899— 
Dead. 

Poa  arachnifera. 
1898— 
Aug.  4 — One  or  two  plants  that  may  he  tlie  species :  not 
headed. 
1899— 
Dead. 

Poa  hnckleyana. 
1898— 
Aug.  4 — Poor  stand :  headed ;  ahout  ripe ;  height.  0.43  m. 

1899— 
July  7 — Headed. 

July  14 — Stalks  whitening. 

July  20 — Height.  0.7  m. :  fair  stand ;  cut :  weight,  green, 

I  Ih.,  5  oz. :  weight,  cured,  to  oz.  :  1.5  tons  cured  hay 

per  acre. 
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Poa  compressa. 
1898— 

Aug.  4 — Good  stand;  height,  0.35  m. 
1899- 
July  7 — Headed  on  edges  of  plat. 

July  20 — Height,  0.53  m. ;  good  stand.;  thickly  matted  at 
base ;  cut ;  weight,  green,  i  lb.,  i  oz. ;  weight,  cured, 
10.5  oz. 
Sept.  26 — Fairly  good  second  growth;  1.5  tons  cured  hay 
per  acre. 

Poa  fertilis. 

1898— 

Aug.  4 — Poor  stand ;  headed ;  height,  0.7  m. ;  cut ;  weight, 

cured,  8  oz. 
1899— 

July  7 — Heading:  poor  stand,  but  matted  well  in  places; 

leaves  grow  well  up  on  stem,  which  would  be  a  good 

characteristic  for  hay. 
July  25 — Height,  0.62  m. ;  length  of  heads,  0.24  m. ;  cut; 

weight,  green,  i  lb.,  3  oz. 
Sept.  26 — Good  second  growth. 

Poa  pratensis. 
1898— 

Aug.  4 — Good  stand;  headed. 
1899— 

July  7 — Headed  on  edges  of  plat. 

July  20 — Height,  0.57  m. ;  thickly  matted  at  base;  cut; 

weight,  green,  i  lb.,  i  oz. ;  weight,  cured,  10.5  oz 
Sept.  26 — Good  second  growth;  1.5  tons  cured  hay  per 
acre. 

Scirpus  atrovirens. 
Never  came  up. 

Scirpus  martimus. 
Never  came  up. 
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Sejcale  vnontanum, 
1898— 
Aug.  4 — Fine  stand ;  headed ;  height,  i  m. ;  this  plat  seems 
to  have  more  vegetation  on  it  than  any  in  the  experi- 
ment; cut;  weight,  cured,  7.8  oz. 
1899— 
July  14 — Headed ;  good  stand. 

July  25 — Height,  0.85  m. ;  length  of  heads,  o.i  m. ;  cut; 
weight,  green,  4  lbs.,  i  02. ;  weight,  cured,  i  lb.,  9.5 
oz. 
Sept.  26 — Good  second  growth. 

Sporobolus  asper. 
1898- 

Aug.  4 — Good  stand ;  not  headed ;  height  of  leaves,  0.7  m. 
1899— 

Dead. 

Sporobolus  cryptandrus. 
Never  came  up. 

Sporobolus  heterolepis. 
Never  came  up. 

Sporobolus  wrightii. 
Dead. 

Stipa  robusta. 
1898— 
Aug.  4 — Fair  stand;  headed;  height,  i  m. ;  cut;  -weight, 
cured,  14  oz. 
1899— 
July  14 — Fair  stand. 
Aug.  8 — Heading. 

Sept.  26 — Height,  i  m. ;  did  not  head  freely ;  leaves  form  a 
thick  mat  about  0.15  m.  high;  cut;  weight,  green,  i 
lb. ;  weight,  cured,  10  oz. ;  1.5  tons  cured  hay  per  acre. 
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Stipa  viridula. 
1898— 
Aug.  4 — Fair  stand ;  heading ;  height,  0.7  m. ;  cut ;  weight, 
cured,  5.5  oz. 
1899 — 
July  7 — Heading. 

Aug.  8 — Ripe  and  shattering ;  seems  to  be  mixed  with  an- 
other variety ;  height,  0.8  m. ;  by  mistake  was  not  cut 
until  Aug.  21,  so  heads  are  badly  dried  out;  weight, 
green,  i  lb.,  6  oz. ;  weight,  cured,  12  oz. ;  1.8  tons 
cured  hay  per  acre. 

Thermopsis  montana. 
Xever  came  up. 

Tri folium  beckwithi. 
Never  came  up. 

Trifolium  longipes. 
Never  came  up. 

Triticiim  villosum. 
1898— 

Aug.  4 — Headed  and  ripening;  poor  stand;  height,  0.6 
m. ;  cut;  weight,  cured,  6.5  oz. 
1899— 
Dead. 

Vicia  z'illosa. 
1898— 

Aug.  4 — Fine  stand;  in  bloom  and  pods  forming;  length 
of  vine,  1.3  m. ;  cut;  weight,  cured,  8  lbs. 
i89c^— 
Dead. 


Zoysia  pungens. 

Never  came  up. 
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LIST    OF    FORAGE    PLANTS    WHICH    HAVE    SHOWN     THEM- 
SELVES WORTHY  OF   FURTHER  TRIAL. 

Agropyron  acutum. 
A.  caninum. 
A,  divergens. 
A.  repens. 
A.  richardsonii. 
A.  spicatum. 
A.  tenerum. 
Bromus  ciliatus,  L. 
B.  purgans. 
B.  tectorum,  L. 
Elymus  canadensis,  L. 

B.  canadensis  glaucif alius, 

E.  giganteus  (Europe.) 

E.  virginicus,  L. 
Festuca  arundinacea. 

F,  fenas. 

F.  ovina  arisonica, 

F,  ovina  duriuscula. 
F.  ovina  salcata. 

F,  ovina  var.  (Europe.) 
F.  ovina,  L.  var. 
F.  pratensis. 
F.  rubra  glaucescens, 
Lolium  perenne. 
Poa  btickleyana, 
P.  compressa. 
P.  fertilis. 
P.  pratensis. 
Secale  montanum. 
Stipa  robust  a. 
S.  viriduJa. 
Vicia  villosa. 
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LIST   OF   FORAGE   PLANTS  WHICH    HAVE   BEEN   TRIED   BUT 

WHICH    HAVE   NOT  YET    FURNISHED   SUFFICIENT 

DATA  FROM  WHICH  TO  DETERMINE  THEIR 

USEFULNESS  OR   USELESSNE8S. 


Agropyron  pseudorepens. 
Alopccnrus  occidentalis. 
Andropogon  cinhatus. 

A.  nutans  avcnacens. 
A.  provincialisy  L. 
A.  scoparius. 
Arrhcnathcrum  elatius,  M.  &  K. 
Anthyllis  viilneraria,  (Kidney  Vetch.) 
Astragalus  carolinianus,  L. 

A.  crassicarpus,  Nut. 
A  triplex  canescens,  James. 
A.  halimoides. 
A.  leptocarpa, 
A.  nummtilaria. 
A.  truncal  a. 
Beckmannia  erucaeformis. 
Bouteloua  eriopoda,  Torr. 

B.  juncifolia  (H.  B.  K.)  Lag. 
B.  microstachya. 
B.  oligostachya,  Torr. 
B.  racemosa,  Lag. 
B.  rothrockii,  Vasey. 
Bromus  adoensis. 
B.  car  mat  us. 
B.  unioloides. 
Bulbilis  dactyloides,  Raf. 
Calamagrostis  canadensis. 

C.  confinis, 
C.  dubia. 
C.  purpurascens. 
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Calamovilfa  longifolia. 
Carex  straminea. 
Chaetochloa  glauca. 
Chloris  clegans. 

C.  verticillata. 
Dalea  alopecuroides. 
Dasylirion  texanum,  Sotol. 
Deschampsia  caespitosa. 
Batonia  obtusata. 
Bleusine  anstralis,  Scribn. 
Elymus  glaucus,  Buckl. 
Bmotia  lanata,  L. 
Eragrostis  ahyssinica,  Teff. 
E.  purshii. 
B.  major. 
E.  neo-mexicano. 
E,  pilosa. 

E.  temdis,  A.  Gray. 
Er odium  cicufarium,  Alfilaria. 
Buchlaena  mexicano, 
Glyceria  aquatica. 
G.  nen'ata. 
Glycine  hispida. 
Glycynlisa  lepidota. 
Hilaria  ccnchroidcs. 
H.  jamesii. 
H,  rigida. 
Hordeum  adscendens. 
H.  btilbosnin. 
H,  chilense. 
H.  pratcnse. 
Hosackia  piirshians. 
Koclcria  crisfata. 
K.  nit  id  a. 
K.  valcsiaca. 
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Leptochloa  imbricata, 
Lycurus  phleoides,  H.  B.  K. 
Lygeum  spartum. 
Melica  altissima. 
Muhlenbergia  racemosa. 
Polygonum  ramosissimum. 
Paniculuria  aquatica. 
Panicum  colonum. 
*    P,  crusgalH. 
P.  frumentaceum. 
P.  texanum. 
P.  virgatum, 
Paspalnm  dilatattun. 

P.  ptibiftoriiim  globrum, 
Pencedanium  sp.  ("Kooma*'  from  mountains  in  Persia.) 
Phalaris  arundinacea, 

P.  caroliniana,  Walt. 
Poa  arachnifera. 
Scirpus  atrovirens. 
S.  maritimus. 
Sporobolus  asper. 

S.  cryptandrus. 
S.  heterolepis, 
S.  zvrightii. 
Thcnnopsis  montana. 
Tri folium  beckzvithi. 

T.  longipes. 
Triticum  villosum. 
Zoysia  pun  gens. 
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LIST    OF    FORAGE    PLANTS    WHICH    HAVE    PROVEN   THEM- 
SELVES USELESS  UNDER  THE  CONDITIONS  OF 
CLIMATE  AT  OUR  HIGH  ALTITUDE. 

Aruitdinaria  macrospcrma. 

A  triplex  scmibaccata. 

Glycine  hispid  a. 

Desmodinm  tortuosum. 

Trifolium  incaruatutn. 

Polygonum  sachilcnse. 

Cots.'  pea. 

Millet. 

Spitrrey — Sperglua  arifensis, 

Serradilla. 
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Variety  Tests  of  Wheat,  Oats  and  Barley, 


BY    B.  C.  BUFFUM    AND   W.  H.  FAIRFIELD. 


The  average  altitude  of  the  agricultural  land  in  Wyo- 
ming is  said  to  be  about  6,000  feet  and  it  is  certain  that  the 
larger  part  of  the  state  is  more  than  a  mile  above  the  sea. 
On  the  high  plateaus  the  season  is  very  short  and  we  early 
saw  the  vaJue  of  finding  grain  which  would  produce 
heavy  yields  under  our  conditions  and  ripen  with  certainty. 
The  land  is  fertile  and  grains  succeed  admirably  if  the  right 
varieties  are  planted.  Oats  are  more  extensively  grown 
than  any  other  grains  and  in  order  to  plant  oats  it  has  been 
necessary  for  the  farmer  to  purchase  whatever  was  on  the 
market  for  seed.  Very  often  the  variety  obtained  is  a  ]ate 
one  and  fails  to  ripen  or  to  more  than  partially  mature  a 
crop.  Before  the  farmer  can  be  sure  of  the  greatest  success, 
he  must  raise  seed  at  home  of  kinds  which  are  adapted  to 
the  region-  In  order  to  aid  in  doing  this,  we  have  given  all 
the  varieties  which  we  could  obtain,  tiial  at  Laramie.  In 
1896  Professor  George  Vestal  of  New  Mexico  kindly  fur- 
nished us  small  amounts  of  seed  of  over  400  varieties  of 
wheat,  oats  and  barley.  In  1898  Professor  A.  E.  Blount, 
who  had  collected  grains  from  all  over  the  world  for  many 
years,  and  who  was  himself  the  originator  of  a  number  of 
first-class  varieties  of  wheat  and  oats,  most  generously  sent 
lis  his  whole  collection.  The  wheats  were  planted  in  the 
fall,  but  our  winters  are  too  dry  for  winter  grain,  and  none 
of  this  fall  planting  lived  over.  We  had  saved  a  part  of 
the  seed  of  every  variety  and  it  was  planted  the  next 
spring.    We  also  received  in  1896  collections  from  Professor 
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K.  H.  McDowell  of  Nevada,  Professor  W.  W.  Cooke  of  Colo 
rado,  and  others.  Short  rows  of  the  varieties  received  from 
New  Mexico,  Nevada  and  Colorado  were  grown  on  the  Ex- 
l»eriment  Farm  in  1896  and  1897  and  the  collection  rece^Tcd 
from  I'rofessor  Blount  was  grown  in  1898  and  1899.  The 
results  are  reported  in  the  following  tables,  from  which  the 
varieties  which  are  most  promising  for  larger  field  trials 
mav  easilv  be  selected. 

In  lS9f>  all  the  wheats,  oats,  and  barleys  were  planttil 
April  20  to  24;  in  1897  on  May  1;  in  1898  on  April  16.  and 
in  1899  on  May  6.  A  killing  frost  usually  occurs  about  Sep- 
tember 10,  so  that  varieties  that  are  not  nearly  matured  at 
this  date  do  not  make  a  profitable  crop. 

Table  l.—  H^Aea/,  i8g6. 

This  gives  the  results  of  wheats  grown,  from  seed  furnished  by  Professor  Vesul  of  Ncv 
Mexico,  during  the  season  of  1806.  One  row  5U  feet  long  of  each  variety  was  planted.  The 
rows  were  IM  inches  apart. 


o 
55 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
12 
13 
14 
16 
17 
18 
19 
20 
21 
22 
25 
26 
28 
29 
30 
31 


NAME 


Minnesota  Fife  . 
White  Fife  .  .  . 
Sherman  .  .  .  . 
White  Russian  . 

Odessa 

Eldorado  .  .  .  . 
Soft  Australian  . 
Defiance  .  .  .  . 
Champion  .  .  . 
Oregon  Club  .   . 

Sonora 

While  Mexican  . 
Improved  Fife.  . 

Brooks 

Rio  Grande.  .  . 
Canada  Club  .   . 

{udkin 
^ost  Nation.  .  . 
Touzclle  .  .  .  . 
Australian  Club 
China  Tea   .   .   . 

Chili 

Egyptian  .  .  .  . 
Saxon  Fife  .  .  . 
Dominion.  .  .  . 
Prussian   .    .    .    . 


headed 

Q 

July  28 
Aug.  8 
July  25 
••    27 

'•    27 
Aug.  1 
July2fl 

"    25 

"    27 

Aug.l 

July  29 

••    23 

"    29 

Aug.  10 

July  29 
"     2i) 
"    29 
••    25 

"    27 

V 


Sept.  14 


«< 


«< 
f  < 


«< 


18 
12 
17 
14 
14 
15 

12 
18 
14 
18 
15 
16 
14 
11 
15 
14 
12 
16 
16 
18 
15 


Oct.  8 
'*    5 
Sept    12 


ftet 

3.6 

3.9 

3.7 

3.5 

3.45 

4.0 

3.t« 

3.7 

3.4 

3.0 

3.55 

3.6 

3.6 

3.6 

3.3 

2.65 

3.75 

3.75 

3.76 

3.9 

3.8 

3.9 

4.0 

4.0 

3.3 


I 


•r 

\l      • 

n 

2  E» 

« 

si  5 

js. 

•       C 

Ma 

Cw 

C 

-S'S" 

^  i.  »* 

U 

3-0^ 

/'*t 

/Af.  0*. 

0.32 

10    14 

35 
3 
28 
36 


0.26 
0.3 

0.35 

0.26 

0.3 

0.35 

0.3 

0.3 

0.35 

0.27 

0.»6 

0.4 

0.3 

0.3 

0.4 

0.25 

0.28 

fl.33 

0.35 

0,25 


12 
14 
12 
12 

8 
8 

14 
10 

6 
11 
10 

9 
13 
23 
10 
13 
15 
13 
10 
10 
13 
10 


I 
1 

12 
14 
10 

d 

14 

9 

am 

i 
4 
5 
3 
9 
3 
I 
I 

14 
6 

12 
7 
6 


«  s! 
-  ^S 
>•" 

214 

3  9 

4  3 
312 
114 
2  5 
215 


I 
4 

9 
II 


z   i 


1 
5 


14     6 


19 
10 

* 
11 
11 
3 
12 
115 
1  1 
4   1 
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32 

38 

•M 

35 

38 

40 

41 

42 

43 

44 

45 

48 

51 

54 

55 

5A 

57 

58 

62 

63 

64 

70 

71 

Tl 

76 

74 

zs 

it 
78 
7» 
>^ 
81 
t»4 
.S5 
87 
80 
iW 
01 

95 
«6 
97 
98 
99 

100 

101 

102 

103 

Jft4 

105 

106 

107 

lOH 

110 

111 


NAME 


Golden  Drop 

Pringle's  No.  6  .   .    .   . 

No.  4  ...   . 

No.  6  ...   . 

Fultz 

Black  Centennial  .   .    . 

Hedgerow 

Granite 

Italian 

New  York  Flint.    .   .    . 

Bald  Baltic 

Red  Orange 

Hybrid  No.  10   ...    . 

Velvet  Chaff 

Turkey 

Sardonyx 

Amethyst 

Ruby 

Emerald 

Black  Chaff 

Cretan 

Anautka 

Fountain 

Palestine 

White  Chaff  (smooth). 
*•  •'      (bearded) 

Perfection 

German  Fife 

Mammoth 

•Triticum 

Samara 

Durum 

Moscow 

Knapp 

Doty 

White  Michigan    .    .    . 

Rickenbrode 

Red  Siberian 

♦Rice 

♦Swamp 

♦Golden  Medal  .   .   .    . 

♦Glass 

♦German  Amber.  .    .    . 

♦Wysor 

Dallas 

•Champion  Amber   .   . 

♦Finlay 

♦Lemon 

♦McGee'sRcd    .   .    .   . 

♦Bennet 

♦Early  May 

♦Rocky  Mountain.   .   . 

♦Silver  Chaff 

Propoe 

•Small  Frame 


(8 


July  31 
Aug.  6 
••      8 
Sept.  16 
July  31 

i.      *y^ 

Aug. '6 
July  29 
Aug.  10 
July  2fl 

Aug.  13 

July  29 

•*    31 


Aug.  8 
July  27 

••    25 
Aug.  0 

••      6 
July  29 

•♦    31 
Aug.  6 


July  25 
•'  29 
«•  27 
•*  29 
.«    27 

Aug.  8 


1) 

a 
•c 

u 

A 

c 


Sept. 


18 
12 
17 
14 

12 
18 
16 
18 
17 
12 
14 
18 


18 


Oct. 
Sept 
Oct.  8 
Sept.  15 
18 


<< 


July  31 


Oct.  8 
Sept. 


16 
18 
12 
18 
18 
14 
12 

z^ 

12 


10 
18 
18 
18 
12 
14 
16 
17 


••      15 
•*     26 


12 


Ml 

X 


feet 

3.8 

3.6 

3.88 

3.9 

3.7 

3.9 

3.4 

4.0 

3.86 

3.9 

3.85 

3.7 

3.8 

4  2 

3.9 

4.2 

3.7 

4.0 


3.6 


.0 

15 

i 

.4 
3.55 
4.0 
4.0 


4. 
4. 

3. 

3. 


4.5 
4.1 
3.6 
3.6 
3.7 

3.:« 

3.5 
3.5 


4.26 

3.6 

4.2 


•a 
« 

V 

JZ 
>•« 

o 

ji 

u 

c 


0.3 

0.3 

0.34 

0.35 

0.3;i 

0.35 

0.14 

0.35 

0.28 

0.3:) 

0.3 

0.36 

0..35 

0.35 

0  3 

0.4 

0.3 

0.:i4 

0.3 
0.25 
0.2 
0.3 

o.:i5 

0.3 

0.33 

0.3 

0.4 

0.36 

0.27 

0.3 

0.3 

0.27 

0.3 

0.3 

O.a'J 

0.H5 


0.3 


2  c  s 


/eei    lbs.    oz 


3.7    I  0.3 


15 
13 
13 
13 

14 
13 
12 
12 
26 
16 
14 
15 

6 
14 
12 
10 

9 

10 
12 
11 
14 
17 
14 

16  4 

12  15 
15      7 

9    14 

11  7 

14  11 

13  3 

17  3 
13  5 
11  11 

9      6 
17      6 


4 

6 
3 

ID 

9 

5 

12 
o 

5 

9 

S 

14 

fl 
1 
6 


i 

3 
2 

5 


.So 

a.5 


S 


2  E 

> 


.hS 


li'S.Oi 

4    8..'^ 
4 

3  11 

3  6 

3  9 

4  7 
3  U 
4 

5  8 
5  10 

3  7 

4  12 
1  3 
4  1 
1  12 
3  I 
1  13 

1     8 

3  11 

4  3 
4  9 
4  9 

4  7 

5  6.5 
4  9 

4  2 
1    7 


5    3 

4  4 

5  6 
3  11 
2    5 

2  5 

3  11 


10      9     2  10 


13      1     4 


♦This  is  a  winter  variety. 
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Table  I  (Continued).— 

-  li^Aea/,  /Sg6. 

• 

MS 

>  E 

1 

c-r 

•2 

-a 

£  2  i 

e 

5; 

NAME. 

V 

0. 

0 

t;'Jf 

c    '  -z- 

J3 

X 

X 
■« 

SB  fc     I 

V 

V 

M 

M 

"S'-S 

^     25J 

•« 

•' 

g 

c 
55 

c< 

Q 

V 

X 

ill 

feet 

feet 

tbi.  -?i. 

112 

•Red  Ciawson 

113 

*Yellow  Missouri 

114 

♦Walker 

Oct.  8 

4.5 

0.3 

15 

116 

*ZiiTimerinan 

117 

Big  May 

2  J» 

118 

Sardiuf  

July  31 
••    29 
••    27 

Sept.  14 
"      18 

4.6 
3.9 

0.3:) 
0.33 

15 

11 

6 

♦   1 

110 

Chrysolite .    .    .    , 

4   7 

120 

Beryl 

*•     16 
••     14 

3.3 
3.45 

0.28 
0.35 

8 
10 

9 

1  IS 

122 

Jacinth 

5     3  13 

123 

Carnelian 

••    23 

"     23 
"      17 

3.7 
4.0 

0.3 

o.:j5 

IS 
10 

2 

8 

5   3 

124 

Asate 

3   S 

125 

Onyx 

Aug.  6 

-     16 

3.8 

0.3 

14 

8 

4  : 

12rt 

Opal 

"     17 

3.55 

0.3 

7 

3 

3   4 

127 

(»arnet 

"     16 
••     15 

3.8 
4.0 

3.6 

0.4 

9 

13 

4 

15 

1  11 

131 

Casaca 

3    4 

132 

Califat 

0  27  »    « 

IXi 

Tuscan 

1    4 

i:u 

♦Essex 

I3tf 

♦Pearl 

137 

♦Hunter's  Winter 

138 

White  Chaff 

July  25 

*'      18 

3.9 

0.33 

13 

2  '  4    2 

I3i) 

Square  Head  Essex 

140 

♦Gold  Drop 

145 

Red  Oregon  Club 

,  Aug.  6 

"      16 

3.8 

0.27' i  10 

10 

3   7 

140 

Hcdeerow 

1      •*     8 
1  July  25 

Oct.  8 
Sept.  16 

3.9 
4.0 

0  15     11 
0.25  ;  14 

11 

11 

2  14 

147 

Aowse ' 

3  14 

148 

Monnrouth  ...    • 

'      ••    31 

,.      12 

4  0 

0  35  1  16 

3 

4    45 

149 

Russian  (Spring) 

Aug.   8 

•*      14 

3.8 

0.4        14 

I  1  :i  3 

liV) 

Vermillion ■     .... 

'  July  27 

"      14 

3.4       0.35  .  la 

13 

4    « 

151 

Smoky 

■  Aug.   8 

"      14 

3.7       0.35 

15 

12 

4  11 

152 

Ed  n  on  Fife 

Oct.  8 

4.0    1  0.35 

15 

11 

1  10 

153 

Nox  No.  2 

July  29 

Sept.  18 

3  65     0.35 

13 

13 

5 

154 

••     No.  1 

"    29 

"      15 

3.7       0.33 

S 

10 : 2  & 

156 

"    No.  3 

Auk.   8 

••     16 

3.9       0.33     15 

-• 

4  : 

157 

•'    No.  5 •  .   .    .    . 

July  25 

"      18 

3.9       0.45  ;  15 

4 

4    4 

158 

Pringlc's  No.  17 

••     23 

3.9       0.4        13 

« 

3lt> 

160 

Wales 

"    25 

••      IS 

3.75 

0.35  '  13 

1 

4    t 

162 

North  cote's  White 

Aug.   10 

"     18 

3.7 

0.3:i      11 

3   .* 

165 

♦Cat  Mountain 

July  31 
Aug.   8 

**     12 
•'      16 

4.0 
3.9 
4.1 

0.35 

0  &>      lA 

10 
3 

168 

BK-ick  Chaff 

3    9 

161) 

(ineiss 

0.3 

13 

4    \ 

170 

♦Velvet  Amber 

July  17 

Oct.  8 
Sept.  12 

5  3 
3.0 

0.33 
0.3 

16 

171 

♦Hebron 

3 

1T> 

Quartz 

4  10 

ir.i 

♦While  Mediterranean 

4.6 

0.35 

174 

Red                    "                 

Oct.  7 

3.5 

0.3 

16 

9 

2  i 

176 

Nebraska 

•*    27 

Sept.  17 

4.0 

0.:i3      10 

T     213 

177 

White's 

*'     12 

4.2 

04 

11 

10  1  1  B 

178 

♦Kivct 

1  Aug.  8 

*'      16 

3.8 
3.0 

0.33 
033 

14 

1 

1 

17fl 

Rust  Proof 

13  ^4    i 

180 

Baltimore 

'*    10 

Oct  7 
Sept.  16 

4.0 
3.6 
3.7 

0.25 

10 

13      12^ 

181 

♦Davis 

0.26      10 
0.35 

1 

182 

Purple  Straw 

2  '  2  14 

18.5 

♦Oold  Premium 

184 '2 

* 

1 

1 

' 

♦This  is  a  winter  variety. 


Variety  Tests  of  Wheat,  Oats  and  Barley. 


c 


185 

lf« 

18^ 
189 
190 
192 
19» 
195 
196 
198 

aoo 

201 
202 
303 
204 
20T 
208 
210 
211 
214 
215 
216 
218 
219 
230 
221 
222 
223 
224 
225 
236 
227 
229 
230 

2:n 


234 
235 
236 
2»< 
240 
241 
242 
243 
244 
247 
241» 
250 
251 
252 
253 


Table  I  (Continued).— ^A^a/,  i8g6. 


255 
256 


NAME 


^Earnhardt 

Wintergreen 

*Si.  Ledger 

Cheshire 

•Hunter's  Spring  .   .    .   .   , 

•OakchoU*! 

Geiger 

Hornblende 

Edmenton 

Winnipeg  Russian   .   .    .   . 

Winnipeg 

Hallett's  Pedigree 

Sibley's  No.  1 

•French  Black  Chaff  .   .   , 

Rural 

Velvet  Club. , 

Whittineton 

Snowflake 

Tagarog 

•Michigan  Amber 

•Missouri  Turkey 

*        "         Mediterranean 
•California  Walker  ... 

•India  Red 

Andrus  Black 

•Mediterranean  Hybrid. 

•Andruii  Flint 

Saskatchewan 

Rye 

Frankenstein 

March 

•Flanders 

Flourelle 

Circassian 

White  Velvet 

Verplank 

•Fcnion 

Wicker 

•Hopetown 

Talavera 

Shumaker 

Snake  River 

Red  River 

Upland 

Hard  Manitoba 

Santa  Fe 

♦Ostery 

Democrat 

•Buckeye 

•Nigger .*  .    .   . 

Armstrong 

Landreth 

•Red  May 

Tasmanian  Red 

•Wild  Goose 


T3 

•V 


July  29 
Aug.  8 
6 
6 


«• 


July  29 
Aug.  6 

••      6 


July  31 
Aug.  8 


July  3 
Aug.  6 
July  31 
••    29 


31 


Aug.  6 

'•      8 
July  29 

*•    25 

Aug.  6 
July  27 
Aug.  6 


(• 


19 


•c 


Oct.  6 


Sept.  14 
••     16 


«( 


i« 


12 

18 
16 
18 
16 


"     18 
Oct.  7 

••    8 
Sept.  18 

•*     18 


Oct.  8 


Sept.  12 
*•     12 

'*     12 

*'     18 
Oct.  7 

"    7 
..    7 

Sept.  18 
Oct.  7 

Sept.  16 

"  17 
••     14 

Oct.  6 

Sept.  12 
'•  14 
"  12 
*•     18 


Not  harv 


43 
M 

'Z 


4.6 

3.9 

3.35 

4.1 

3.9 

3.9 

4.1 

3.8 

4.4 

3.7 

4.25 

3.85 

4.2 

3.8 

4.0 

3.0 


4.2 


3.8 

4.5 

3.8 

3.75 

3.5 

3.85 

3.7 

3.55 

3.26 

3.45 

3.8 

4.15 

3.6 

4.0 

3.5 

2.85 

3.85 

4.1 


ested 


e 


0.33 


0.36 

0.25 

0.36 

0.3 

0.28 

0.23 

0.3 

0.27 

0.3 

0.3 

0.35 

0.33 

0.3 

0.33 

0.3 


0.3 


0.35 

0.35 

0.35 

0.33 

0.33 

0.3 

0.3 

0.33 

0.3 

0.32 

0.3 

0.45 

0.35 

0.33 

0.27 

0.33 

0.3 

0.35 


O    k  w 


lbs.   oz. 
7      1 


10  11 

15  8 

14  2 
10  15 

15  6 

16  8 
7  14 


15 

6 

1 

14 

21 


14 
13 


0 
1 


.5  o 

OS 

.2  2  5 


Ibs.oz. 
15 


4 

8 


17    12 


16  15 

14  7 

14  15 

12  7 

5  13 

12  15 

14  1 

7  4 

9  9 


9 
3 


13     6 
9      6 


2 
4 


9    10 


3 
4 

4 

2 
5 
4 
1 

4 
1 

4 

6 


4 

11 

2.5 

15 

4 
10 

5 

10 
1 
9 
2 
2 


1    7 


4  14 
2  14 
4    1 

4  9 

9 

1  5 

5  4 
11 

2  14 


4 

2 
3 
3 
2 

6 


2 
1 
4 

2 

7 
12 


*This  is  a  winter  variety. 
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Wyoming  Experiment  Station. 


Table  I  (Continued). —  IVheat,  i8g6. 


« 

0 

2 

NAME 

.8. 

V 

'Z 

X 

* 
c 

c 

■Sec  1  "^iX 

257 
360 

•Treadwell 

♦Arnold's  Hybrid 

•Boycr 

July  31 
Aug.   10 
July  17 

Aug.  6 
"      6 

••      8 
July  17 

Aug.   10 

"      8 

••      6 

July  31 

*'    2S> 
Aug.  6 

••      10 

July  31 
"    23 

"    17 
••    27 

Sept.  12 
Oct.  8 

Sept.  12 
•«     12 
"     18 

Oct.  8 

Sept.  14 

*•     16 

"      17 

"      18 

•*     12 

Oct.  8 

Sept.  17 

Oct.  8 
•'    7 

Sept.  17 
Oct.  7 

Sept.  18 
*•      18 

"     14 

"      12 
"     16 
••       5 
"     13 

*'     18 

•*     13 

Oct.  6 

Sept.  18 

*•      16 

3.5 
4.1 

4.1 
3.9 
2.5 

4.0 

4.3 

3.8 

3.65 

3.5 

3.0 

3.25 

4.25 

3.6 

4.3 
1.198 

3.15 
3.7 

4.3 
4.1 
3.55 

3.5 

3.2 

3.4 
1.9 
3.6 

4.0 

3.8 

4.15 

3.25 

3.7 

feel 
0.3 

2.3:i 

0.3 
0.3 
0.3 

0.27 

0.33 

0.33 

0.33 

0.27 

0.38 

0.3 

0.35 

0.33 

0.33 
0.33 

0.3 
0.32 

0.4 

0.3:i 

0.35 

0.25 

0.28 
0.33 
0.25 
0.3 

oas 

0.2 
0.43 
0.2 
0.3 

lbs, 
5 

I 

18 
4 

9 

10 

10 
17 
10 
14 

8 
13 

12 

14 
14 

10 

1 

14 
8 
6 

15 

14 
12 
12 
13 
5 

oz.  ihs.»z. 

261 
283 

♦Canadian  Express 

♦Emporium 

' 

264 

♦Hickman 

1 

26S 
266 

♦Lincoln 

Michigan  Wick 

14 

268 

♦Powers 

1 

260 

♦Red  Sea 

1 

270 
272 

♦Roger's 

♦Scott 

1 

275 
276 
277 

27H 
2^ 

♦White  Rose 

♦Mcnomite 

♦Soule's 

♦Hungarian 

Uxbridge 

1 
2        11 

283 

288 

Rust  Proof  (soft)    ...:.... 
Dand  Khan  No.  2 

2     4  14 

9  ,  2 

291 
2fl2 
294 
297 
29B 
301 

\m 

♦White  Mountains 

♦Fuicaster 

♦Raub's  Prolific 

♦Crete 

♦Tappahannock 

Basalt 

Flourspar 

Granite 

1 

1    H 
10     2   S 
4     2 

351 

Platinum 

12  '  1  13 

:tf)5 

Porcelain 

6    2   2 

306 

Silica 

6  2 

307 

Trap 

5  1  1    7 

:j09 

310 

Pool's  Red 

♦Early  Rice 

1     4   4 

319 
321 
32« 

Deitz  Red 

Amber 

•Gold  Dust 

Weeks 

15     1  U 
K  1  1    1 

11    3  y 

332 

Hoover 

14    a  ?^ 

:i33 

•Winter  Pearl 

1 

Si6 

♦Valley 

p:arly  Oakley 

2     2  15 

337 

Genoese 

15    4  10 

•Ml 
342 
:i43 

:h4 

347 
348 

35:] 
m< 

360 

♦Martin's  Amber 

Indian 

•Sheriff  (four-rowed) 

Baart 

Ward's  Prolific 

Roseworihy 

Australian  Purple  Straw 

•Landrcih 

Rattling  Tom 

Volo 

Missogen 

2     3  7 

15  ,  5  10 

12  3  5 

13  2   7 
10  ,  4  15 

4     3  10 

2  2  15 

3  3  5 

361 

Atlanti 

2  '6  4 

363 

Sadoza 

15  ,  1   5 

i 

♦This  is  a  winter  variety. 


Variety  Teats  of  Wheat,  Oats  and  Barley. 
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Table  I  (Continued). —  liAeaf,  i8q6. 


• 

•X 

w 

> 

.r  0 

2- 

■0 

V 

c 

c 

u 

NAME 

V 

.9* 

V 

0 

2-0 

C 

22  jp 

• 

0 

c« 

P 

Q 

V 

X 

e 

s 

.SSo 

feet 

/e.t 

lbs. 

oc. 

ll'S.OZ. 

m 

Curtis' White 

July  27 

Sept. 

14 

3.6 

0.35 

8 

14 

2    4 

967 

•Improved  Rice 

968 

•Curra^s  Prolific 

370 

•Egyptian  No.  1 

M 

•Pollard 

3R7 

1  Russian  Hard 

3H8 

•Carter's  A 

4.0 

0.25 

»« 

•     ««        B 

390 

•      •'        C         

301 

•      "        D 

903 

•      "        E 

.V6 

•     "         I 

3^7 

•      "         J 

'M 

*     "       K 

m 

♦Northcote's  Amber 

400 

Algerian  No.  1 

"    27 

i« 

16 

3.d5 

0.3 

11 

4 

3    8- 

401 

••       No.  2 

"    25 

!• 

12 

3.4 

0.2 

11 

3 

4  14 

m 

No.  3 

Oct. 

8 

4.4 

0.33 

12 

8 

2    t 

m 

•Reiti 

<• 

8 

3.5 

O.S) 

m 

•GalUnd  Hybrid 

405 

Zeiand 

Sept. 

17 

3.65 

0.4 

U 

14 

2  12 

406 

Lanneurde  Mars 

ti 

12 

3.7 
3.4 
3.25 

o.:i5 
0.37 

2.25 

11 

10 

3 

400 

Mold's  Red 

411 

'Hungarian 

412 

Prize 

"    25 

•  t 

1« 

3.05 

0.27 

0 

1 

2  11 

413 

Little  Wonder 

••    27 

** 
•< 

18 
17 

3.,'W> 
3..% 

0.3 
0.3 

14 
12 

10 
13 

4    5 

414 

Champion 

3  15 

410 

Oakshot's  Champion 

*•    27 

(< 

1ft 

3.55 

0.33 

13 

15 

4    8 

417 

•Incomparable 

410 

McDowell 

•*    27 

t« 

12 

3.6 

0.27 

16 

6 

5    f* 

420 

Young's 

'•    27 

"    17 

Aug.  8 

17 
12 
23 

4.0 

2.85 

3.4 

0.3 

0.27 

0.17 

19 
9 

8 

0 
9 

7  10 

421 

California  Red 

3    9 

422 

Little  Club 

3    6 

425 

Purple 

•'      6 
July  25 

it 

12 
1« 
1« 

3.8 
3.8 
3.6 

0.3 

0.35 

0.:i5 

19 

9 

15 

0m 

14 

6 

5  13 

42b 

Tuscan 

2  15 

4Ti 

Jubilee 

LeaKe's 

4  11 

42X 

••    25 

<< 
«f 

15 
12 

3.75 
3.0 

0.3 
0.3 

12 
12 

3 
5 

3  12 

431 

Rodi 

4    8..>. 

*e 

Dera 

•* 

14 

3.0 

0.27 

8 

10 

3    1 

4:«) 

Baggi 

"    25 

t» 

17 

2.6 

0.23 

5 

6 

2    0 

434 

Ratti 

« 

14 
15 

3.0 
2.6 

0.25 
0.22 

8 
9 

8 

3    1 

4:15 

Dorin 

3    H. 

W 

Walu 

« 

15 

2.9 

0.25 

8 

2 

3    3 

4:18 

I^hi 

"    25 
••    22 

"    23 
••    25 

<« 
it 

K 
<< 

18 
16 
16 
12 
18 
15 

3.0 

2.7 

3.0 

2.9 

2.55 

3.0 

0.25 

0.26 

0.28 

0.2 

0.25 

0.28 

8 

1 

7 

9 
10 

< 

1 

15 

11 
14 

2  14 

4:«) 

Khel 

3    1 

440 

Shega  

3    4 

441 

Awal  No.  1 

442 

"      No.  2 

3  11 

444 

Archer's  Prolific 

4    8 

446 

Daubl 

••    27 

Aug.  8 

•  < 

17 

18 

4.25 
3.26 

0.3 
0.35 

8 
13 

5 
11 

2    5 

447 

Farrie's  Durum 

44M 

Barwrick 

5    1 

449 

♦Early  Jasper 

*i 

14 

3.6 

o.;fi 

15 

14 

44f»^, 

Samara  Club 

4  10 

450 

Bancroft 

July  27 

<< 

17 

2.75 

0.22 

< 

8 

3    tx 

1 

*Thi«  is  a  sirinter  variety. 
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Table  I  (Continued).  H^keat,  i8g6. 


c 
2 


452 

453 

454 

456 

457 

458 

460 

461 

463 

464 

465 

467 

468 

470 

471 

472 

4785 

4«1 

408 

484 

485 

487 

492 

4ft5 

m 

498 
499 
500 
501 
503 
505 
508 
509 
511 
512 
513 
514 
515 
516 
517 
518 
520 
521 

524 
525 
536 
527 

52m 
529 

5ao 
5:jl 
5;i2 

5;« 

534 


NAME 


Banater 

Paros 

Cape 

Hudson's 

Murray  River.    .    .    . 
Green  Mountain.  .   .* 

Cordova. 

Little  Club 

Carter's! 

Laird's  Prolific  .   .   . 

Borneo 

•Veneta 

•Varlsotta 

Belolourka 

Reiti2 

Bordeaux 

Gypsum  Fleck   .   .   . 
Northern  Champion. 

Frames 

Large  Purple  Straw. 

•America 

•Russian  Hard  ... 
•Patagonia  Trigs  .    . 

♦McCregan 

♦Farquhar 

*Canadian  Wonder. 
•Bearded  Monarch  .   . 

♦Badger 

Andrus 

♦Big  English  .... 
•German  Emperor.  , 

•Lehigh 

Lebanon  

♦Rudy 

♦Witter 

♦Wyandot  Red  .    .    .    . 

♦Early  Ripe 

♦.Gypsy  . 

♦Golden  Cross    .    .    . 
♦Jones'  Square  Head 

♦Johnson's 

♦Longberry 

♦Miller's  Prolific    .    . 
♦Roberts' 


July  27 

"    27 

••    31 

"    27 

Aug.  6 

July  27 


July  27 
"    25 


"    25 

Aug.  8 

"      8 
July  31 

"    27 

Aug.  6 

•*      8 

July  27 

Aug.   8 

July  31 

Aug.  6 

"    10 

"      6 

"      8 

July  20 


Aug.  19 
July  31 


•c 

ce 


SepL  18 
*•  18 
"  14 
••     12 

"  18 
"  16 
"     17 

Oct.  6 
"    8 

Sept.  16 
18 


<< 


"     16 

Oct.  6 

Sept.  16 

Oct.  6 

Sept.  16 
"  18 
12 
17 
17 
17 
18 
15 
18 
16 
•16 
18 
16 
16 


<< 
ft 
<f 
(i 
«< 


Oct.  8 


Sept.  15 
Oct.  7 


X 


feet 

8.9 
3.8 

3.1 

3.25 

4.1 

3.75 

3.8 

3.2 

3.9 

3.5 

3.9 


3. 
4. 
4. 
4. 
3. 
4. 
3. 


0 
0 
15 
86 
5 
8 
3.9 
4.2 
3.75 
3.26 
3.6 
3.2 
3.7 
3.9 
3.9 
3.6 
4.0 
3.5 
3.73 


3.75 
4.5 

3.15 


m 

JZ 

o 

J3 


0. 
0. 
0. 
0. 
0. 


/ert 
0.24 
23 
25 
28 
33 
3 
0.42 
0.2 
0.35 
0.3 
0.3 
0.35 
0.35 
0.23 
0.36 
0.25 
0.33 
0.3 
0.35 
0.4 
0.35 
0.16 
3 
25 
33 
35 
3 

35 
35 
0.25 
0.3 


0. 
0. 
0. 
0. 
0. 
0. 
0. 


0.3 
0.4 

0.23 


w^   o 
V  S  a 


ihs. 
16 
17 

8 
II 
15 
14 

9 
11 
17 
21 
13 


14 
14 
15 
15 
15 

13 
10 
9 
11 
10 
15 

11 
9 
9 

8 
14 


12 
i 

15 
10 

7 
13 
14 

1 

2 

15 


1 

4 

4 

14 


5 
3 
15 
12 
5 
1 

10 
10 

8 
2 
6 


5c 

8 
»• 


1  6 
5   4 

2  11 

4  0.S 

5  % 
415 

2  e 

214 

s  % 

3  5 


4   ^ 

1  13 
SB 

3  4 
5B 

4  1.5 
3   6 
3   5 
312 

3  4 

2  3 
I 

4  5 

2  10 

3  3 
2   6 

4  I 


13    13 


312 


•This  is  a  winter  variety. 


Varietif  Tests  of  Wheat,  Oats  and  Barley, 
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Table  I  (Concluded). —  IVAeat,  i8g6. 


No. 

NAME 

73 
M 

•o 

ft 
V 

JS 
V 

(1 

Q 

V 

tJ 
(1 

V 

X 
<•« 

o 
Ji 

a 

JS 

Yield    of    straw 
and  grain  from 
50  feet  of  row 

Yield    of    grain 
from  50  feet  of 
row 

536 

5:» 

5d9 
541 
542 
543 
544 

*Smith't  White  .   .   . 
•Wisconsin  Triumph  . 

•Wniels 

•Yuva 

•Odessa  No.  1.  .   .   . 

•  "       No.  2.  .   .    . 

•  *•       No.  3.  .   .   . 

•  "       No.  4.  .   .   . 

/4et 

/rr/ 

lbs.    oz. 

Ibs.oz. 

•This  is  a  winter  variety. 


Table  \\,— Wheat,  1897. 

This  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Table  I 
which  matured  seed  in  1806.  One  row  50  feet  long  of  each  variety  was  planted.  The  rows 
were  18  inches  apart. 


o 


1 
«> 

3 

4 
5 

6 

»• 
t 

9 
10 
12 
13 
14 
16 
17 
18 
10 
20 
21 
22 
25 
26 

29 

:io 
:jl 


Minnesota  Fife  . 
White  Fife  .  .  . 
Sherman  .  .  .  . 
White  Russian  . 

Odessa 

Eldorado .  .  .  . 
Soft  Australian  . 
Defiance  .  .  .  . 
Champion  .  .  . 
Oregon  Club  .    , 

Sonera  

White  Mexican  . 
Improved  Fife    . 

Brooks 

Rio  Grande  .  .  . 
Canada  Club  .    . 

Judkins 

Lost  Nation.  .  . 
Touzelle  .  ,  .  . 
Australian  Club 
China  Tea   .    .    . 

Chili 

Egyptian  .  .  .  . 
Saxon  Fife  .  .  . 
Dominion.  .  .  . 
Prussian    .    .    .    , 


tr. 

i^ 

c 

KM 

o 

• 

-0 

it 

2S|J 

D 

3 
Ji 

V 

JS 

*  -  *■ 

bi. 

V 

ia 

Ji 

.1 

o 

JS 

of? 

"     W    AJ 

O 

X 

11 

U 

M 

M 

2-0  ii 

■a 

si 

be 

cv 

X 

e 

> 

V 

/tet 

/r*/ 

/6s.  oz. 

lbs 

OZ. 

lbs. 

July  28 

Sept.  28 

4.06 

0.29 

10 

2 

10 

62 

"    28 

••     30 

3.07 

0.31 

1    13 

15 

54.5 

"    22 

••     22 

3.81 

0.2> 

•'    20 

••     22 

d.m 

0.25 

2      3 

1 

6 

60.5 

••    28 

"     21 

3.80 

0.29 

16    10 

2 

14 

60.5 

"    20 

••     24 

3.8 

0.3 

13      5 

3 

7 

58.5 

'•    28 

Oct.  2 

4.02 

0.36 

2      1 

1 

54 

"    22 

Sept.  23 

3.62 

0.39 

12    12 

3 

1 

57.5 

"    28 

'•     28 

3.59 

0.3 

9      6 

1 

14.5 

57.5 

•*    13 

Oct.  2 

3.55 

0.26 

1      6 

4 

49 

♦*    28 

Sept.  30 

4.25 

0.29 

1      9 

12 

52.5 

"    2s 

**     Zi 

4.2 

0.45 

13    13 

2 

15 

58 

'•    22 

"     21 

3.7 

0.37 

"    28 

•'      23 

3.6 

0.33 

8      8 

1 

1 

*•    20 

"     28 

3.62 

0.33 

18      2 

3 

9 

57 

••    22 

"      28 

3.72 

0.36 

11    14 

3 

2 

50 

"    20 

Oct.  2 

3.62 

0.27 

1    12 

13 

57.5 

"    20 

Sept.  23 

3.6 

0.29 

10      3 

3 

4 

61.5 

••    22 

••      23 

3.93 

0.3 

15      3 

3 

14 

64 

*•    20 

"     23 

3. 88 

0.33 

14 

3 

13 

62 

'•    22 

"     24 

3.75 

0.26 

12      4 

2 

14 

57.5 

•'    22 

•*      21 

3.4 

0.3:^ 

1      5 

15 

60.5 

"    28 

•'     24 

3.78 

0.31 

9      8 

2 

1 

55.5 

••    28 

"     29 

3.75 

0.23 

16      7 

1 

11 

50 

12 


Wyoming  Ewperimeni  Station. 


Table  II  (Continued).  —  Wheat,  rSgj. 


-3 

l^ 

c 

=      1    - 

"S 

Si 

si 

1 

s 

u 

•o 

^4 

c 

laa 

* 

NAME 

eC 

11 

a 

o 

cS 

C 

c 

%      - 

J3 

u 

r" 

JC 

l»« 

■•    1 

V 

M 

&« 

c 

2-a 

^ 

2 

i»  1  r 

o 
S5 

<< 

Q 

s 

X 

JS 

V  s 

s 

> 

lbs 

^^* 

/ret 

/eet 

ibs 

oz. 

ez.      Ih 

32 

Golden  Drop 

July  22 

Sept. 

25 

13 

8 

o 

6    '  ^.^ 

33 

Pringle's  No  6 

••    28 

<i 

29 

4.12 

0.35 

15 

1 

T 

16      515 

34 

No.  4 

"    28 

<• 

29 

4.32 

0.29 

IS 

2 

2 

15    1  IB. 5 

35 

"        No.  5 

"    22 

<< 

29 

3.3 

0.34 

18 

2 

15      » 

38 
40 

Fultz 

"    28 

3.52 

0.33 

1 

Black  Centennial    .   .    . 

41 

Hedgerow 

"    20 

•< 

25 

3.28 

0.14 

18 

15 

3 

8.5  .t3.5 

42 

Granite 

•*    22 

f« 

25 

3.58 

0.36 

14 

9 

3 

13      5T.5 

43 

Italian 

"    22 

•  ■ 

28 

•3.9 

0.3 

8 

9 

2 

44 

New  York  Flint  .... 

9    1  5^  5 

45 

Bald  Baltic 

**    22 

f< 

22 

4.1 

0.39 

12 

10 

3 

6      61 

48 

Red  Orange 

"    22 

<( 

21 

4.0 

0..>7 

51 

Hybrid  No.  10 

••    22 

*4 

25 

4.0 

0.35 

19 

14 

4 

6       .>*  .0 

54 

Velvet  Chaff 

Aug.  2 

4.(r7 

0.:« 

1 

1 

4       43 

55 
56 

Turkey 

July  28 
Aug.  6 

Oct. 
■  < 

2 
2 

4.17 
4.5 

0.20 
0.38 

1 

1 

8 

4 

!*     1  .V» 

Sardonyx   

4    '.>»5 

57 

Amethyst 

1  ., 

^V^ 

Ruby 

"      2 

July  22 

Sept 
•  < 

29 

28 

3.49 
4.5 

0.:J6 
0.:i5 

1 
19 

9 
3 

3 

12      >» 

59 
62 

TaKDer 

6    ,  > 

Emerald 

1 

63 

Black  Chaff 

•♦    28 

f  ( 

23 

4.0 

o.a*) 

15 

13 

1 

14      57 

64 

Cretan 

"    20 
"    20 

23 
22 

4.07 
3.58 

0.24 
0.25 

11 

15 

3 

1      C 

70 

Anautka 

12      65 

71 

Fountain 

"    22 

•< 

25 

3.5 

o.3;i 

17 

12 

4 

11    1  61.5 

72 

Palestine 

"    22 

i* 

28 

3.87 

0.27 

15 

12 

3 

s      50  5 

73 

White  Chaff  (smooth)   . 
"     (bearded)  . 

"    20 

(• 

21 

3.55 

0.23 

1 

13 

1 

2      57.5 

74 

"    22 

f« 

22 

3.26 

0.25 

1 

4 

11     ,  59 

76 

Perfection 

••    28 

<• 

28 

♦  27 

0.28 

17 

/ 

3 

6  5  51) 

77 

German  Fife 

"    22 

*« 

25 

3.7 

0.4 

18 

4 

1       « 

78 

Mammoth 

•*    28 

»• 

28 

3.T2 

0.33 

8 

11 

1 

13      » 

K) 

Samara 

*•    22 

Oct. 

2 

3.4 

o.:» 

1 

5 

15     en.5 

81 

Durum 

•*    22 

•*    20 

Sept. 
t. 

24 
21 

3.56 
3.4 

0.18 
0.3 

11 

1 

1 
9 

3 
1 

C  5  «) 

82 

Saratov 

61 

84 

Moscow 

•     28' 

it 

28 

3.75 

0.28 

i 

5 

•> 

4  5  iiV5 

85 

KnaDD 

"    20 

"    20 
'•    28 

•< 
«( 
<< 

28 
24 
30 

3.62 
3.68 
4.11 

0  •> 

0.31 
0.27 

n 

16 

1 

6 

8 

12 

3 
2 

5       .Vi 

87 

Doty 

14      58 

89 

White  Michigan.    .    .    . 

14     *; 

!H) 

Rickenbrode 

"    28 

<« 

21 

3.4 

0.3 

91 

Red  Siberian 

•«    28 

•< 

29 

4.14 

0.32 

1 

6 

12      56  i 

i)8 

German  Amber   .... 

Aug.  6 

3.65 

0.3 

100 

Dallas 

July  31 

(i 

23 

4  02 

0.3 

14 

14 

2 

11       51* 

102 

Finlay 

"    28 
••    28 

•  t 

24 

3..'>8 
3.4 

O.IiO 
0.35 

2 

106 

Early  May 

107 

Rocky  Mountain.    .    .    . 

Aug.   2 

Oct. 

0 

3.58 

0.:i3 

4       5? 

110 

Propoe  

July  28 
Aug.  6 

Sept 
Oct. 

29 
9 

4.3 
4.15 

0.31 
0.3 

22 

14 
10 

1 

51 

117 

Big  Mav 

3      47 

118 

Sardius    

"      2 

(C 

2 

3.67 

0.31 

1 

9 

9  .  5e.> 

119 

Chrysolite 

July  22 

Sept 

23 

3.5 

0.3 

14 

4 

3 

5        til  J 

120 

Beryl 

"    28 
••    25 

•< 
<• 

24 
28 

3.59 
3.65 

0.26 
0.35 

10 
10 

10 

2 

i     .*  > 

122 

Jacinth    

Carnclian 

8  5  52 

123 

•*    28 

•< 

%\ 

3.75 

0.32 

12 

1 

13 

124 

Aeate 

"    22 

*'    28 

•« 

24 
28 

3.65 
3. 82 

0.23 
0.26 

11 

14 

1 

1 
3 

8      5h\ 

125 

Onyx 

2    1  56 

126 

Opal 

•«    28 
"    31 

'•    28 

ti 

28 
25 
22 

3.97 
4.14 
3.69 

0.24 
0.3:1 
0.18 

11 
18 

1 

7 
1 
9 

3 
3 

1 

S    '  57 

127 

Garnet 

9    i5$ 

128 

Tourmaline       

1      61 

131 

Ca-sacrt 

••    31 

«• 

Z\ 

4.15 

o.:« 

16 

4 

2 

2.T 

J 


Varieti/  Tests  of  Wheats  Oats  and  Barley. 
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Table  II  (Continued). —  IVheat,  i8gy. 


o 
Z. 


133 
136 
13S 
14o 
146 
147 
148 
149 
150 
L51 
WS, 
153 
li>4 
1% 
157 
J5K 
100 
1(S2 
1(V5 
166 
1«7 
168 

im 

170 
171 

in 

174 

176 
177 
178 
179 
180 
182 

186 

189 

192 

liXi 

195 

196 

197 

198 

200 

301 

202 

203 

204 

207 

208 

210 

213 

214 

216 

219 


NAME 


Tuscan 

Tuskana 

Pearl 

White  Chaff 

Red  Oregon  Club   .    . 

Hedgerow 

Aowse 

Monmouth 

Russian  (spring]  .    .    . 

Vermillion 

Smoky 

Edcnton  Fife 

Nox  No.  2 

••     No.  1 

'•    No.  3 

"    No.  5 

Pringlc's  No.  17   .    .    . 

Wales 

Northcote's  White  .    . 
Cut  Mountain   .... 

Red  Straw 

Cayaga    

Black  Chaff 

Gneiss 

Velvet  Amber  .... 

Hebron 

Quartz 

White  Mediterranean 
Red 

Nebraska 

White's 

Kivct 

Rust  Proof 

Baltimore 

Purple  Straw 


Wintergreen.  .  .  . 
Hunter's  Spring  .    . 

Geiger 

Hornblende  .... 

Edmenton 

Winnipeg  Russian  . 

Rust  Proof 

Winnipeg 

Hallett's  Pedigree  . 
Sibley's  No.  1  .  .  . 
French  Black  Chaff 

Rural 

Velvet  Club  .  ,  .  . 
Whiitington  .... 

Snowflake  

Ta^arog 

China  K«d 

Missouri  Turkey.  . 
California  Walker  . 
Andrus  Black  .  .  . 
Saskatchewan  .   .    . 


-a 


r: 


July  28 


** 
<« 
«• 
<< 
It 
H 


20 
28 
28 
22 
28 
20 
28 
28 


<< 

4< 

•  < 

•  < 


"    2S 

'•    28 

"    22 

28 
28 

28 

28 

22 

"    31 

"    28 

Aug.  6 

July  25 

"  28 
••  20 
*'    28 


•*    31 

*•    31 

"    28 

Aug.  0 

July  20 
"    22 

"      99 

28 


«« 


'•  28 
"  28 
••  22 
••  28 
••  20 
Aug.  2 
July  28 
28 


<« 


"    22 

Aug.  2 
July  28 


V 


Oct.  2 

•'  9 
Sept.  30 
29 
25 
22 
28 
21 
30 
22 


<< 
it 
it 
ti 
it 
it 
i* 


a 


<< 
a 


t* 


28 


28 

28 

28 

28 

29 

30 

28 

"     24 

Oct.    9 

Sept.  23 

"     23 

*•     25 

Oct.    2 

'*    30 

Sept.  29 


It 
ti 
ti 


20 
28 
21 


Oct.  9 
Sept.  29 
30 


It 


it 
ti 

a 
it 

tt 
a 
it 


'in 

25 
24 
30 
21 
30 
25 


Oct.  2 
Sept.  29 

*•     30 
Oct.  2 

"    9 

•*    9 

Sept.  23 

Oct.  2 


'Z 
X 


feet 

4.6 

3.:j6 

4.01 

3.81 

3.82 

3.75 

3.82 

3.88 

4.5 

4.07 

4.0 

4.06 

3.93 

3.52 

3.72 

4.3 

4.34 

3.48 

4.1 

3.52 

3.92 

3.98 

3.5 

4.4 

3.36 

3.65 

3.36 

3.62 

3.1 

3.94 

4.33 

4.2 

4.2 

4.04 

4.11 

3.68 

3.0 

3.52 

3.26 

3.91 

3.5 

4.66 

3.78 

4.63 

3.58 

4.23 

4.76 

4.4 

4.4 

4.^ 

3.82 
3.8 

3. 91 


-o 

R 
V 

JC 

o 

c 
1) 

0.32 
0.%) 
0.29 
0  31 
0.29 
0.18 

o.:» 

0.29 
0.37 
0.3(i 
0.3 

0.36 

0.33 

0.32 

0.»7 

0.34 

0.33 

0.28 

0.36 

0.29 

0.33 

0.36 

0.33 

0.34 

0.36 

0.3 

0.26 

0.33 

0.3 

0.28 

0.39 

0.26 

0.26 

0.33 

0.36 

0.36 

0.28 

0.27 

0.33 

0.29 

0.3 

0.29 

0.32 

0.24 

0.3:3 

0.25 

0.33 

0.29 

o.:» 

0.33 
0.36 

0.33 


|B 

c 

o 

2£^ 

'W 

b£ 

.£«« 

>»• 

O 

% 

2-a^ 

■u 

i> 

V  So 
j-  CS35 

> 

2| 

lbs.   oz. 

ihs 

oz. 

1    15 

6 

9      3 

11 

1     13 

1 

1      7 

9 

16      8 

1 

13 

13    14 

3 

14 

11      2 

2 

7 

2      2 

1 

6 

2      2 

1      4 

12 

10      6 

3 

7 

11      4 

2 

4 

2      4 

1 

8 

11      6 

2 

14 

21    10 

3 

7.5 

1 

5 

5    13 

1 

10 

8    12 

1 

3 

9      2 

1 

11.5 

18      1 

2 

3 

19      4 

4 

6 

1    10 

7 

1      4 

7 

1      5 

10 

5 

1 

1 

1      8 

10 

8 

3 

21      4 

2 

5 

12      4 

3 

8 

17    11 

3 

12 

13     4 

3 

1    13 

11 

1      6 

13 

2      2 

1 

17      8 

3 

8 

1    14 

5 

1      7 

10 

1    10 

It 

1    12 

1 

8 

15 

11 

1 

7 

4      1 

4.5 

1      7 

12 

3 
u 


ibs. 
55 

51 
52.5 

59.5 

611.5 

53 

54 

63.5 

59.5 

60 

59 

58 

52.5 

54 

62 

55.5 


59.5 

58.5 

54.5 

53 

52 


57 


51.5 


60 

57.5 

61 

54 

60 

59 

58 

53 

57 

53.5 
55 

58 
55 
57 

58 
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Table  II  (Continued). —  IVheat,  iSgj, 


o 


223 
224 
225 

22R 
227 
229 
230 
231 
234 
23r> 
236 
238 
240 
241 
242 
243 
244 
252 
255 
257 
259 
266 
26H 
2H0 
2?<3 
288 
290 
292 
299 
301 
302 

:«3 

304 
305 
306 

;»7 

309 
319 
:i21 
3:^1 
332 

:m 

336 
337 
342 
344 
347 
:i48 
349 
:fi5 
358 
359 
360 
361 
363 
364 
WS 


NAME 


Rye 

Frankenstein 

March 

FUnders 

Flourelle 

Circassian 

White  Velvet 

Verplank 

Wicker 

Hopctown 

Talavera 

Shumaker 

Snake  River 

Red  River 

Upland 

Hard  Manitoba   .   .   .    . 

Santa  Fe 

Armstrong 

Tasmanian  Red  .   .   .    . 

Tread  well 

Arnold's  Hvbrid  .  .   .   . 
Michigan  Wick   .       .   . 

Powers 

Uxbridg;e 

Rust  Proof  (soft).   .   .    . 
Dand  Khan  No.  2  .   .    . 

Niagara 

Fulcaster 

Tappahannock    .   .     .   . 

Basalt 

Flourspar 

Granite 

Platinum 

Porcelain 

Silica .    .    . 

Trap 

Pool's  Red 

Dciti  Red  ... 

**      Amdcr 

Weeks 

Hoover  . 

Valley.    .7 

Early  Oakley 

Genoese 

Indian 

Baart 

Ward's  Prolific 

Roscworthy 

Australian  Purple  Straw 

Du  Toits 

Rattling  Tom 

Volo 

Missogen 

Atlanti 

Sadoza 

Curtis' White 

Seven  Headed  Red. .   . 


V 

J3 


Q 


July  22 
••    20 

Aug.  6 

July  28 

•'    28 

••    28 


*f 
•« 
•« 
it 
<« 


20 
22 

28 
20 

28 
28 
28 


Aug.   18 
July  28 


«• 


22 

•«    31 

Aug.  22 

July  20 

"    22 

"    31 

Aug.  6 

July  28 

•*    28 
«•    09 

28 

28 

22 

28 

"    2f< 

"    28 

Aug.  6 

July  28 

Aug.  9 
July  28 


<« 

!• 
<« 
<< 
t« 


22 
20 
20 

22 
20 
22 
20 
20 
22 

22 
22 


V 
V 


Sept.  29 

•     25 

••     28 


Oct.  9 
Sept.  30 


30 


u 
'C 

X 


yert 
4.46 
3.35 
3.42 
3.42 
3.72 
3.91 
4.01 
3.91 
3.81 


3.36 

■« 

21 

4.0 

Oct. 

2 

4.21 

•t 

•0 

4.07 

Sept 

.  29 

3.49 

Oct. 

2 

4.27 

Sept 

.  26 

3.91 

.« 

29 

4.17 

4.08 
4.72 

3.36 

Oot. 

2 

4.2 

Sept 

.  21 

3.5 

<« 

23 

2.6 

4* 

28 

4.0 

3.48 

4.24 

Oct. 

9 

4.1 

Sept 

.  25 

3.4 

•( 

25 

3.55 

tt 

29 

4.07 

tt 

21 

4.4 

•• 

22 

3.85 

Oct. 

2 

4.05 

Sept 

.  29 

4.14 

(< 

24 

3.56 
3.72 

«• 

30 

4.21 

tt 

25 

3.7 
3.57 

tt 

24 

3.5 

•  • 

28 

3.75 

ft 

24 

3.7 

t  • 

:« 

4.34 

tt 

21 

2.0 

tt 

22 

3.8 

tt 

24 

3  26 

•f 

29 

4.0 

<• 

30 

4.14 

•< 

28 

3.68 

tt 

24 

3.81 

tt 

23 

3.98 

Oct. 

2 

4.11 

■o 
a 
ti 

.c 

o 

■s 

be 

c 

V 


feet 

0.31 

0.33 

0.2« 

0.36 

0.33 

0.33 

0.27 

0.39 

0.2:) 

0.36 

0.4 

033 

0.35 

0.29 

0.29 

o.:n 

0.29 

0.4ti 
0.39 


0.3 

0.29 

0.33 

0.36 

0.4 

0.26 

0.37 

0.36 

0.3 

0.29 

0.29 

0.31 

0.3:i 

0.3 

0.31 

0.32 


0. 
0. 


.^1 
29 
0.33 
0.44 
0  3 


0.38 
0.20 
0.43 
0.22 
0.25 
0.26 
0.33 
0.21 
0..32 
0.21 

0.39 
0.31 


«; 


I  -So 


» 

S 
^ 


/ds. 

1 

12 


6 
2 


1 
1 
1 
1 

18 
2 


1 
1 

8 
9 


at. 

13 

3 

17 


11 
12 
11 
10 
9 
1 


3 
1 


ffs.  1  Ih. 
13    i56 
10.5  62 
10      «.3 


5i 
2.5 


15      ,.T^ 

.57  5 

11      4K  5 

U      54 

3      57  5 

1      36.5 


8 
14 
12 

4 


1 


13 
3 


52 


615 
2    12      63 
9     •      61.5 


7 

6 

15 

14 

16 

4 

15 

9 

17 

6 

1 

9 

1 

N 

17 

1 

14 

0 

1 

4 
4 


••» 


3 
lU 
10 
14 
11 
10 
14 

3  5 


3,1      2 

8  12    13 


515 

61 
'575 

511.5 

57.5 
'•515 


15 


15      5  !  5     8.5  57 


14  S 

11  8 
2  4 

13  8 

12  10 

1  11 

2  2 

8  ?» 

9  11 

11  7 
9 


3 
3 
1 


4 


3 


3    lU    I  61  5 
3     4      30 
10    '  S 
13    '545 
2    14  5  415 
2     9    t  57 


2    10.5  9 

1      4    \'^ 
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Table  11 

.  (Continued). — 

Wheat,  i8g7. 

r 

M 

\^ 

0 

o 

-0 

22> 
US'*-  S 

u 

bO 

3 

NAME 

T3 
(« 
V 

•c 

J3 

O 
X 

of 
grain 
et  of 

o 

s 

o 

V 

Q 

bo 

V 

feet 

Yield 
and 
50  fe 

2 
> 

U  c 

"5 

feet 

lbs. 

oz. 

lbs 

oz. 

lbs. 

386^ 
389 

July  20 

Sept.  30 

3  78 

0  2 

1 

12 

1 

53 

Carter's  B 

5.26 

0.26 

306 

I 

July  31 

Sept.  23 

4.0 

0.35 

17 

4 

1 

8 

397 

"        J.' 

Aug.  2 

Oct.  0 

3.81 

0.42 

4 

5 

398>^ 
400 

3  78 

0  33 

Algerian  No.  1 

July  28 

Sept.  24 

9 

9 

1 

4 

61 

401 

No.  2 

••    20 

"     22 

3.06 

0.22 

6 

4 

2 

0 

40154 

"    22 

••     30 

3.30 

0  2 

2 

2 

1 

1 
2 

58 

402 

No.  3 

•*    31 

Oct.  9 

3.78 

0.35 

4 

49 

402H 

Aug.  6 

"    9 

4.24 

0.33 

408 

Reiti 

July  31 

Sept.  30 

3.59 
4.44 

0.42 
0.37 

1 

3 

8 

405 

Zeland 

55 

406 

Lanneurde  Mars  .... 

••    28 

"     28 

3.75 

0.33 

11 

4 

1 

12 

56 

409 

Mold's  Red 

'•    28 

••     28 

4.0 

0.3 

8 

8 

2 

1 

60.5- 

411 

Hungarian 

••    28 

"     25 

3.88 

0.35 

15 

7 

1 

i 

00.. '> 

412 

Prize 

"    22 

♦*     29 

3.45 

0.26 

17 

6 

4 

9 

55..^ 

413 

Little  Wonder 

*•    22 

'•     28 

3.40 

0.21 

12 

15 

4 

o 

58.5 

414 

Champion 

••    22 

"     23 

3.62 

0.25 

10 

4 

1 

10 

416 

Oakshot's  Champion. .  . 

'•    22 

"     28 

3.85 

0.28 

11 

12 

2 

13 

60.5 

419 

McDowell 

*•    22 

••     28 

3.69 

0.29 

12 

10 

a 

4 

62 

420 

Young's 

•    20 

"     21 

3.75 

0.23 

2 

4 

1 

7 

58.5 

421 

California  Red 

"    20 

••     23 

2.65 

0.29 

9 

11 

2 

2 

57 

422 

Little  Club 

*•    22 

"     28 

3.7 

0.2 

8 

11 

2 

8 

53.5 

425 

Purple 

426 

Tuscan 

"    28 
"    20 

Oct.  2 
Sept.  28 

4.46 

3.88 

0.29 
0.3 

1 
10 

12 
6 

1 

14 
11 

55 

427 

Jubilee 

Leake's 

48.5 

428 

"    28 

"     28 

3.55 

0.25 

10 

14 

3 

2 

61.5 

431 

Rodi ... 

••    20 

••     29 

2.9 

0.27 

1 

11 

9 

50 

4315^ 

•*    20 
•'    20 

"     21 
"     22 

2.45 
2.53 

0.26 
0.23 

9 

2 

3 

4 

432 

Dera 

433 

Bagei 

65 

434 

Ratti 

"    20 
"    20 
"    13 
•*    20 

"     29 
"     28 
••     30 

"     28 

3.26 
2.96 
3.68 
3.3') 

0.24 
0.18 
0.2:^ 
0.21 

1 
9 

6 

8 
13 

2 
2 

4 

5 

2 

52 

436 

Dorin  .    .    .   '. 

56  5 

437 

Walu 

51 

438 

Lohi 

57 

439 

Khel 

"    23 

•'     30 

3.5 

0.22 

1 

4 

7 

51 

440. 

Shega  

"    20 

"     22 

3.26 

0.26 

13 

t 

57 

441 

•'    20 

'•     28 

3.39 

0.21 

9 

11 

2 

11 

55.5 

442 

"     No.  2 

"    20 

••     28 

3.16 

0.26 

10 

13 

8 

13 

53.5 

444 

Archer's  Prolific 

"    20 

"     22 

3.2 

0.25 

9 

9 

2 

15 

60.5 

446 

Daub  I 

••    25 

•*     23 

3.98 

0.29 

10 

12 

2 

3 

447 

Farrie's  Durum 

448 

Barwick 

«•      »>9 

"     23 

3.5 

o.:« 

14 

2 

2 

12 

54 

449^^ 

Aug.   13 

Oct.  2 

4.24 

0.3 

10 

3 

54 

450 

Bancroft 

July  20 

Sept.  22 

3.15 

0.2 

6 

12 

2 

2 

56.5 

452 

Banater 

••     28 

..     24 

3.85 

0.21 

9 

14 

3 

8 

58 

453 

Paros 

"    22 

"     28 

4.04 

0.24 

12 

8 

3 

3 

57 

454 

"    20 

"     23 

3.:« 

0.27 

15 

1 

4 

3 

59 

456 

Hudson's 

467 

Murray  River  ..... 

"    28 

"     28 

3.3 

0.33 

4 

8 

8 

458 

Green  Mountain.    .   .   . 

'•    22 

"     25 

3.62 

0.31 

15 

9 

3 

8 

55.5 

400 

Cordova      

*•    22 

"    20 

"     23 

"     28 

3.8 
3.08 

0.37 
0.13 

10 
11 

8 
3 

1 
2 

■  8 
12 

461 

Little  Club 

58 

463 

Carter's  I 

Aug.  2 

"     23 

4.0 

0.42 

15 

14 

1 

15 

56 

464 

Laird's  Prolific 

July  2H 

••     28 

3.88 

0.27 

13 

12 

3 

S 

5().5 

465 

Borneo 

"    20 

"    2:* 

3.9 
4  42 

0.3 
0.45 

12 

8 

3 

3 

.57  5 

467 

Vcneta 

16 
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Table  II  (Continued). —  IVAea/,  iSg/. 


V. 


46H 
470 
471 
472 

47^'; 

4x1 

4*«j 
4M 
4K> 
492 
4d3 
49*< 
41HI 
oOu 
oOl 
}m 
o<>5 
525 
526 
540 
543 
544 


NAME 


Varlsotta 

Bclolourka 

Kciti2 

Bordeaux 

(lypsum  Fleck  .... 
Northern  Champion  . 


P'ramcs 


Large  Purple  Straw 


Purple.    . 
Wyandot. 


Odessa  No.  a. 
••       No.  4. 


A 
■O 

I^E 

*« 

y^ 

^ 

•o 

2£> 

% 

b 

j: 

^     z. 

s& 

\) 

b 

^^ 

c^ 

•■ 

b 

n 

a 

o 

<*-'(«  c      «. 

«K 

a 

M 

a. 

o  £«      = 

9> 

X 

-c 

JZ 

•C 

bcs. 

25 
'v 

X 

feet 

c 

2 
> 

u  C 

Ar/ 

//^X.    l^S. 

Iht 

OZ, 

/^f 

July  31 

Oct.  2 

4.4 

039 

i 

4^ 

'•    2H 

Sept.  24 

4.3 

0.23 

11      6  '  2 

95 

SiS 

Au^.  2 

Oct.  9 

4.2 

037 

1-     3 

4 

55 

"      2 

Sept.  24 

4.3 

0.3 

14      7 

1 

4 

5:{ 

July  20 

•     25 

4.24 

o.;j7 

21    10 

2 

4 
•> 

52 

••    22 

"      2S 

O.  1 

0.28 

6    12 

1 

10 

"    22 

Oct.  2 

3.7 

0.27 

1     "    22 

Sept.  25 

3.  Ho 

0.:« 

14    15     4 

0 

or*  .5 

'•    20 

•'     24 

3.62 

0.09 

14    11 

-» 

8 

a< 

•'     25 

3.26 

0.3 

12    15 

3 

4 

«1 

•'    22 

*•      25 

3.88 

0.29 

6 

St 

"    is 

Oct  2 

4  24 

0.33 

5 

5» 

"    22 

Sept    28 

3.29 

0.24 

8    12     3 

10 

«)5 

••    20 

•'      28 

3.5K 

0.33 

16      8     3 

^ 

.> 

<•    •» 

'*      30 

4.4 

0.36 

1      2 

36 

'•    2H 

•«     28 

3.81 

0.31 

13      6 

— 

4 

.>j  ..•> 

••    22 

••      29 

3.78 

0.31 

1      6  . 

10 

53  5 

•'    28 

'•     29 

3.2B 

0.26 

21     4  ;  2 

8 

Aug.  9 

Oct  0 

3.9! 

0.31 

' 

54 

July  2H 

Sept.  3B 

4.14 
3.W 
3.0 

o.3:< 

0.37 
0.:i9 

5» 

J 
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Table  III.— -W^^a/,  i8q8. 

This  gives  the  results  of  the  first  year's  trial  of  Professor  Blount's  collection  of  wheats. 
Hie  varieties  reported  on  in  Tables  I  and  II  were  oriKinally  from  Professor  Blount,  but  the 
varieties  reported  in  the  following  table  were  grown  from  seed  selected  by  him  personally 
and  furnished  gratis  to  the  Station.  One  row  ten  feet  long  of  each  variety  was  planted. 
The  rows  were  20  inches  apart. 


NAME 


3 
4 

« 
t 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IM 
19 
20 
21 
22 
23 
Zi 
25 
26 
27 
2H 
29 
30 
31 
32 
33 

;m 
as 

30 

38 

30 

40 

41 

42 

43 

44 

45 

47 

48 

50 

51 

52 

33 

54 

55 


1  Minnesota  Fife 

1  White  Fife 

'  Sherman 

[  White  Russian 

I  Odessa 

I  Eldorado 

Soft  Australian 

I  Defiance 

I  Champion 

I  Oregon  Club 

I  Hard  Australian 

i  Sonora 

i  While  Mexican 

■  Improved  Fife 

Russian 

Brooks 

Rio  Grande 

Canada  Club  ....... 

Judkin 

Lost  Nation 

Touzellc 

Australian  Club 

Golden  Globe 

Mediterranean  Spring.  .    . 

China  Tea 

Chili 

China  Spring 

Kgyptian 

Saxon  Fife 

Dominion 

Prussian 

Golden  Drop 

Pringlc's  No.  6 

No.  5 

Winter  Avistralian 

Fultz 

Midge  Proof 

Black  Centennial 

Hedgerow 

Granite 

Italian 

New  York  Flint 

Bald  Baltic 

Illinois  Second  Premium  . 

Red  Orange 

Pcrkey 

Hybrid  No.  10 

Golden  Chaff 

Mediterranean  Red  Chaff. 

Velvet  Chaff 

Turkey 


.5*0 

• 

el 

ca  ^ 

s 

T3 

V 

t;  *» 

XI 

V 

X. 

bC  o 

u 

•a 

K 

V 

a 

^ 

o 

"08 

V 

a 

M 

•z 

X. 

X 

V 

V 

QC 

bc 

2  E  > 

bA 

*< 

n 

*£ 

g 

V 

C 

^^ 

X 

J 

>-  ^ 

^ 

• 

Mt 

/^et 

oz. 

ibt. 

July  19 

Aug. 

29 

3.4 

0.36 

12 

60 

•      %i 

Sept. 

9 

2.96 

0.33 

8 

57.5 

"     14 

Aug. 

27 

2.84 

0.15 

16 

63 

"      14 

<< 

27 

3.1 

0.36 

14 

63.5 

..      14 

Sept. 

9 

3.65 

0.33 

5 

58 

"      12 

•  4 

() 

3.29 

0.27 

"      14 

l< 

9 

3.0 

o.:fi 

10 

60 

"      14 

<l 

2 

3.rx> 

0.36 

15 

59.5 

••     14 

%t 

'> 

•w 

3.26 

0.36 

14 

60 

"      14 

<f 

6 

3.29 

0.33 

5.5 

52 

••      19 

«< 

6 

3.85 

U.:J8 

8 

51.5 

"      12 

fl 

2.67 

0.6 

8 

61.5 

••     12 

>< 

0 

3.3 

0.3ft 

12 

57.5 

"      19 

•f 

6 

3.26 

0.39 

8 

57 

••     19 

<• 

2 

3.14 

0.39 

8.5 

57.5 

"     19 

»< 

9 

3.2 

0.47 

7 

54 

"     14 

Aug. 

28 

3.34 

9.4 

16 

63 

••     19 

Sept. 

2 

2.84 

0.3 

14 

(i2 

••      19 

It 

9 

2.96 

0.43 

8 

57 

"      19 

•« 

6 

3.29 

0.34 

6 

54 

••      12 

Aug. 

27 

2.9 

0.27 

9 

63 

"      14 

ii 

29 

2.67 

0.3 

11 

58.5 

•'     Zi 

Sept. 

9    ' 

3.1 

0.41 

11 

60 

'*     23 

a< 

9 

9 

58 

"      19 

t< 

3 

3.2 

0.46 

9 

62 

**     12 

t« 

3 

2.:^ 

0.33 

11 

50 

*•     19 

<• 

9    : 

3.28 

^i^ 

7 

52.5 

••     12 

»i 

6    1 

3.30 

0.3 

6 

60 

•'     23 

«• 

9 

3.0 

0.36 

8 

56.5 

'•     23 

>• 

3 

3.1 

0.33 

10 

50 

••      19 

«• 

3 

2.87 

0.27 

9 

61 

•     19 

«• 

3 

2.67 

0.25 

11 

61.5 

"      19 

•  > 

6 

3.U 

0.33 

6.5 

50 

•'     23 

«t 

9 

3.16 

0.35 

6 

54 

*•     19 

«l 

tf 

3.1 

0.33 

7.7 

56 

"     23 

|4 

6 

3.23 

0.36 

7.5 

52.5 

"     19 

<. 

9 

2.96 

0.35 

'•     23 

.« 

6 

2.81 

0.3 

6 

48 

"     19 

<. 

6 

2.74 

0.32 

9 

56 

"     19 

Aug. 

31 

2.55 

0.16 

12 

60.5 

••     19 

Sept. 

6 

2.87 

0.34 

9.5 

58 

*•     12 

•< 

6 

3.13 

0.74 

11 

62.5 

••     19 

i< 

6 

2.9 

0.32 

4 

53.5 

•*     19 

*t 

6 

2.7 

0.35 

6.5 

57 

Aug.  12 

** 

12 

3.2 

0.35 

July  19 

Aug. 

29 

3.2 

0.39 

13 

60 

•     12 

f< 

29 

2.96 

0.23 

9 

62 

'•     23 

Sept. 

9 

2.67 

.0.34 

9 

57 

..     14 

Aug. 

20 

3.0 

0.34 

12 

59 

'«     23 

Sept. 

6 

2.97 

0.3 

8 

58 

••     23 

•  • 

9 

3.2 

0.39 

8 

54.5 

*•     19 

1 

tf 

6 

2.87 

0.27 

5.5 

.56 

•This  is  a  winter  variety. 


18 


Wyoming  Experiment  Station, 


Table  III  (Continued).— Wi^a/,  18^8. 


o 


57 

58 

A9 

60 

ttl 

02 

d3 

64 

66 

66 

67 

68 

70 

71 

72 

73 

74 

76 

77 

78 

79 

80 

HI 

K2 

iCi 

84 

85 

86 

87 

K8 

SO 

00 

01 

02 

94 

06 

97 

98 

99 

100 

101 

102 

103 

104 

105 

10(i 

107 

108 

109 

110 

111 

112 

113 

114 


NAME 


Sardonyx  

Amethyst 

Ruby 

Jasper 

Sapphire 

Chalcedony 

Emerald 

Black  Chaff 

Cretan 

Andriola  Red 

*•         Amber  .   .   . 

Purple  Chaff 

Boughton 

Anautka 

Fountain 

Palestine 

White  Chalf  (smooth). 
*•  ••     (bearded) 

Perfection 

German  Fife 

Mammoth 

♦Triticum 

Samara  . 

Durum 

Saratov 

Ames 

Moscow 

Knapp 

Scotch  Fife 

Doty 

Mcckins 

White  Michigan   .   .   . 

Rickenbrode 

Red  Siberian 

•Hcige's  Prolific    .    .    . 

♦Rice 

•Gold  Medal 

•Glass 

•German  Amber.  .   .    . 

•Wysor 

Dallas 

•Champion  Amber   .   . 

Finlay 

•Lemon 

•McGee'sRed    .    .    .   . 

•Bennet  

•Early  May 

•Rocky  Mountain.    .    . 

•Silver  Chaff 

•Blue  Stem 

Propoc  

•Small  Frame 

Red  Clawson  ..... 
•Yellow  Missouri..  .  . 
•Walker 


H 
V 

X. 


cC 


41 
** 
t« 

•  « 

•  i 
<• 
t\ 
<< 
** 
<t 
(i 
i< 
If 
•4 


July  28 

23 

28 

19 

19 

19 

19 

23 

L*) 

19 

19 

14 

19 

12 

19 

*     23 

'•     23 

Never  came 

"      10 

"     19 

"     23 

Aug.  31 

July  19 

19 

23 

19 

23 

19 

23 

14 

14 

28 

23 

19 


Aug.  12 

"    23 

July  23 

Aug.  12 

'•    12 


V 

a 


Q 


(f 
(f 
•< 
f  > 


"  4 

••  12 

"  30 

'•  4 

*•  23 

July  19 
Aug.  23 
July  28 


Sept.  6 
"  6 
0 
6 
6 
6 
6 

"       9 

Aug.  29 

•*     31 

*•     28 

Sept.    6 

"       9 

Aug.  20 

**     26 
Sept.    6 
"       6 
up 

9 
6 
9 


<< 
<« 


9 
9 
0 
9 
9 
9 
9 

Aug.  29 

Sept.    6 

••       9 

9 

9 


n 
«« 
«t 


<< 


••       6 
"     16 


Oct.  29 
Sept.  15 


.c 
Ml 

'5 

S 


/ett 

2.9 

3.16 

2.8 

3.2 

2.9 

2.94 

3.26 

2.94 

3.2 

2.66 

2.9 

3.13 

3.6 

3.0 

3.35 

2.85 

2.83 
3.26 
3.16 

3.43 
3.43 
2.96 
3.43 
2.96 
2.96 
3.13 
2.88 

3.;« 

3.03 
3.39 
3.29 


3.2 
3.33 


2.7 

3.03 


a 


c 

V 


feet 

0.33 

0.33 

0.36 

0.30 

0.41 

0.3 

0.46 

0.36 

0.26 

0.33 

0.18 

0.18 

0.2 

0.3 

0.43 

0.26 

0.35 
0.36 
0.33 

0.24 
0.24 
0.35 
0.24 
0.35 
.35 
.35 
0.86 
0.41 
0.33 
0.32 
0.35 


0. 
0- 


0.34 
0.35 


0.3 
0.33 


-5o 


o2 


7.5 
K.5 

^ 

16 

8.5 
12 

4 

6 

8 

8 
11 
11 
11 
12 
10 

9 
13 

13 
9.5 


8 
5 
6 
9 
5 
9 
8 
12 
4 
4 
>< 
9 


11 
5 


17. 

3 


575 
53.5 


'A 

'»> 
63 
6S  .> 
^3 
SO 

63 

S3  5 

56.5 


61 

365 

fS 
<3 
5; 

34  J 


>.5 


9  5 

5<» 


♦This  is  a  winter  var  ety 
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Table  III  (Continued).—  PVAea/,  t8g8. 


o 

2: 


116 
117 
118 
119 
lliO 
121 
122 
12a 
124 
125 
126 
127 
J28 
129 
i:il 
133 
134 
135 
136 
137 
138 
140 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
157 
15H 
150 
160 
161 
162 
163 
164 
165 
166 
167 
168 
160 
170 
171 
172 
17:j 
174 
175 
176 
177 
178 


NAME 


'^Zimmerman  .    .    . 

Big  May 

Sardiu«      

Chrysome 

Beryl  

♦Topaz 

Jacinth 

Carnelian 

Agate 

Onyx 

Opal 

Garnet 

Tourmaline.   .   .   . 

Felspar 

Casaca 

Tuscan 

•Essex 

Tuskana 

♦Pearl 

•Hunter*9  Winter  , 
White  Chaff.   .   .   . 
♦Gold  Drop  ... 
Red  Orange  Club  . 
Hedgerow  .... 

Aowse 

Monmouth  .  .  .  • 
Russian  (Spring).  . 
Vermillion   .... 

•Smoky 

Edenton  Fife  .  .  . 
Nox  No.  2 

"    No.  1 

"    No.  4 

"    No.  5 

Pringle's  No.  17.   . 
No.  18.   . 

Wales 

Dead  Sea 

Northcote's  White. 
'•  Amber 

White  May  .... 
Cat  Mountain.  .  . 
Reed  Straw.    .    .    . 

Cayaga 

Black  Chaff  .... 

Gneiss 

♦Velvet  Amber  .   . 


Hebron 

Quartz 

♦White  Mediterranean 

Red 

French  Imperial    .   .    . 

Nebraska 

While's 

♦Kivet 


July  19 
"      19 

'*  14 

"  14 

••  14 

•'  19 

"  19 

'•  14 

••  19 

•'  19 

•'  23 

••  19 

"  28 

•'  19 

Aug.  12 

'•  12 

•*  4 

••  23 

July  19 

Ang.  :n) 

July  1;.J 

••      28 

"     28 

'•     19 

*'     Z\ 

"     23 

•'     23 

••     23 

•*     19 

••     23 

•'     19 

••     19 

"     19 

••     23 

"     19 

Aug.  12 

July  23 

•'      19 
..     14 

'      23 

Aug.  4 

July  19 

"     28 

*'     23 

Aug.  12 

July  28 

'•      12 

Aug.  17 

July  19 

••     28 

**     12 

"     19 

"      28 


Sept.  12 
*'       « 

Aug.  31 
'•     31 

'*  29 
Sept.  6 
••  6 
"  6 
••  6 
"  7 
t 


i 


4 

10 
7 

15 


12 
12 
7 
7 
7 
7 


feet 

3.52 
3.58 
3.0 
3.03 


2 

87 
87 
87 

87 


3.0 

2.8:j 

2.83 

3.1 

3.;J2 

3.33 


2.94 

2.M 

3.39 
3.2($ 
3.0 
3.26 


7 

3.26 

0.33 

12 

3.2 

0.:i5 

10 

3.26 

0.37 

< 

3.26 

0.42 

10 

3.29 

0.41 

10 

3.03 

0.30 

10 

3.2 

0.39 

10 

2.9 

0.36 

15 

2.8 

0.3 

10 

3.03 

0.35 

7 

3.0 

0.35 

7 

2.8 

0.33 

15 

3.1 

0.36 

15 

3.29 

o.:» 

7 

3.4 

0.4 

12 

3.3 

0.4 

12 

3.2 

0.3 

15 

4.88 

0.26 

10 

2.96 

('..:w 

19 

3.72 

o.;j8 

12 

3.3J) 

0.28 

17 

4.18 

o.:}5 

Aug. 

29 

3.3 

0.29 

Sept. 

7 

358 

o.:i5 

.t 

15 

3.7 

O.aS 

I/: 

•a 
i« 
it 


u 

c 


0.33 
0.35 
0.35 
0.3 


0.3 

0.29 
.29 
.29 

.29 


0. 
0. 
0. 


0.36 

0.22 

0.34 

0.4 

0.34 


0.31 

0.28 

0.14 

0.32 

0.4 

0.4 

0.42 


.5  C 


ce 


oz. 

8 

11.5 
17.5 
12.5 

16 

9 

0 
13 

6 
8 
9 
K 


0.31     I      3 


11 

8 

8 

15 

8 

I 

tf 
9 

9 

8 

12 

8 

8 

9 

0.5 

11 

8 

11 
<» 

3 
12.5 

I 

12 


12 


a 


u 

"53 

ibs. 

54.5 
UO 
58 
59.5 

flO 

53.5 
56 
54 


57 
59 
51, 
5() 
57, 


5 


5 


42 


55.5 

52 

53.  {^ 
53.5 

56.5 
56 

30 
50 
55 
57 
54 
54 
51 
5(( 
42 
54 
53 
59 
52 
54 
59.5 

50 


59.5 


;> 


n 


4  ,    53 

8  48.5 

15  ti2 

10  5        60 

2  45 


♦This  is  a  winter  variety. 
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179 
180 
ISI 
1S2 
J83 
IM 
185 

im 

1«7 

1H8a 

IHAi 

188c 

181> 

190 

191 

192 

193 

194 

195 

190 

107 

198 

199 

300 

201 

2rtJ 

203 

204 

205 

206 

207 

208 

200 

2ia 

211 
212 

2i:i 

214 
215 
216 
218 
219 
220 
221 
222 
223 
224 
225 
228 
227 
S8 
229 
230 
231 
232 


Table  III  (Continued).— IVA^a/,  i8g8. 


NAME 


T3 
CI 

H 
V 


Rust  Proof  .  ,  , 
*Baltiniore  .  .  , 
♦Davis  .  .  .  .  . 
Purple  Straw  .  , 
•Gold  Premium 
♦Hick's  Prolific. 
♦Earnhardt..  .  . 
♦Wintergrcen.  . 
♦St.  ledger.    .   . 


Hunter's  Spring 

•Oakchotl's 

Hardwick 

Geiger 

Hornblende 

Sea  Island 

Edmenton 

Winnipeg  Russian    .    .    . 

Manitoba 

Winnipeg 

Russian  White 

Hallett's  Pedigree.  .    .    . 

Sibley's  No.  1 

•French  Black  Chaff  .   . 

Rural 

•Velvet  Club 

Austrian 

Bohemian 

Whittington 

Snowflake 

Beardless  Velvet    .... 

Tagarog 

•Michigan  Amber.   .    .   . 

China  White 

••      Red 

Missouri  Turkey 

•       "         Mediterranean 
California  Walker.  .   .    . 

•India  Red 

Andrus  Black 

•Mediterranean  Hybrid. 

•Andrux  Flint 

Saskatchewan 

Rye 

Frankenstein 

March 

Flanders 

♦Flourelle 

Victoria 

•Circassian 

White  Velvet 

Verplank 

•Fenton 


July  19 
Aug.  4 

July  19 

Aug.  17 

••      4 
..     17 

"      4 

July  19 
•*  12 
..     12 

Aug.  4 
••    27 

July  12 
••  12 
*'  14 
••  19 
"  19 
"  19 
*•  %\ 
'•  12 
'•      19 

*  Zi 

•  19 
Aug  12 
July  19 
Aug.  17 
July  19 

"  28 
♦•  19 
"  19 
"  19 
"      19 

Aug.  23 

July  14 
•'  12 
•'     28 

Aug.  4 
•*  4 
♦•    23 

July  19 


*•      19 

"     2:1 

"     2:  J 

•      14 

Aug.   4 

••      4 

July  19 

Aug.   4 

July  14 

Aug.   4 

••      4 


Sept.  10 


3.1 


3.26 
3.0 


Aug.  31 
••     29 

Sept.  7 
"     12 

..       7 

13 
10 
I 
13 
10 


3.05 

3.1 

3.26 

3.45 

3.56 

3.4 

3.29 

3.45 

3.26 

3.29 

3.88 


'•  10 

"  30 

t*  ^ 

'•  10 

••  10 

"  10 

Aug.  29 

••  29 

Sept.  20 

'•  30 

••  13 


3.(B 
3.68 
2.M 
3.23 
2.06 
3.1 


2 

o 


85 

7 

26 


44 


I 
10 

t 

20 


3.35 
3.26 


3  58 

4.1 

3.3D 

3.26 

3.75 


Sept.  13        3.2 


19 


3.2 
B.43 


I    * 

I       be 

c 


3.52 


feet 
0.32 


0.27 


o.:s 

0.33 


Aug.   29    , 
Sept.     7         3.0  0.30 

•       19        3.58    ,    0.36 


0. 
0. 
0. 
0. 
0. 


.33 

.36 

.4 

.42 
0.35 
0.36 
0.25 
0.35 
0.68 
0.27 


••      10        3.88        0.2; 


0.3 

0.28 

0.3 

0.32 

0.3 

0.31 

0.28 
0.27 
0.31 

0.31 

0.32 


0.3 

0.33 

0.32 

0.3 

0.33 

0.38 

0.28 
0.33 


.S  0 


90 


1   .H 


25* 
.SSo 


0Z. 


13 
16 

•>> 

19 
11 
13 

6 
12 
13. 
12 
12 
10 

i 
10 


12 
3 
9 

8 

12 

9 

11 

8. 
6 


11 

12 

10 

12 
4 


16 
2 


lbs. 


9> 


38 


6S5 
37.3 

ao 

61 
S^ 

53 


56 
40 

56 

•1 

61 
> 

3fi 


5SS 
44 


4>i 


♦This  is  a  winter  variety. 
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Table  III  (Continued). —  P^heat,  /8g8, 


233 
234 
235 
238 
240 
241 
242 
243 
344 
247 
25U 
251 
252 
255i 
254 
255 
256 
257 
250 
280 
2«1 
272 
275 
27B 
277 
278 
2hO 
2«3 

2?« 
2»0 
291 
V&2 
293 
2i>4 
297 
299 

:joo 
:ioi 

3»2 
30» 
304 
306 

:)06 

Iff! 

:»o 

310 
319 
321 
322 
323 
328 
330 
331 
332 
333 


NAME. 


Sandoinirk  .... 

Wicker 

Hopctown 

Shumaker 

Snake  River    .    .    .    . 

Red  River 

Upland 

Hard  Manitoba.    .    . 

Santa  Fe 

Ostery 

•Buckeye 

•Nigger 

•Armstrong 

•Landreth 

•Red  May 

•Tasmanian  Red  .    . 
♦Wild  Goose  .... 

♦Tread  well 

♦Arnold's  Hybrid.    . 

♦Boyer 

♦Canadian  Express  . 

♦Scott 

♦White  Rose  .... 

♦Menomite 

♦Soulc's 

♦Hungarian 

Uxbridge 

Rust  Proof  (soft)    .    . 
Dand  Khan  No.  2.  . 

Niagara 

♦White  Mountains    . 

♦Fulcaster 

•German  Emperor    . 
♦Raub's  Prolific.    .    . 

♦Crete 

♦Tappahannock. .    . 

Gypsum 

Basalt 

•Flour^par 

Granite 

Platinum 

Porcelain 

Silica 

Trap 

Pool's  Red 

♦Early  Rice 

Deiti  Red 

"      Amber  .... 

Dayton 

Rochester 

•Gold  Dust 

♦Jennings 

Weeks 

Hoover 


^ 

■  .5  c 

1 

(C 

(S 

a 

V 

a 

« 

0 

•*• 
1     oC 

t 
& 

U 

1       ** 

M 

(1 

1       'u 

•       c 

V 

Q 

c 

'      X 

1    J 

>"-" 

i* 

1 

1     /€*i 

1  /tft 

oz. 

/6s. 

July  14 

Sept. 

10 

1    3.43 

!    0.24 

1     14 

64 

"      19 

1 

10 

1    3.26 

1    0.3 

1 

5:j.5 

Aug.  4 

1 

20 

1    3.58 

:    0.32 

1 

July  14 

•« 

7 

1    3.7 

0.4 

8 

;>8 

•     Zi 

•  « 

12 

1    3.4:^ 

o.:« 

1 

5<S 

..      14 

i. 

t 

3.1 

1   o.3:i 

,     12 

59 

•     23 

i« 

12 

1    3.2 

0.35 

'       8 

55 

•'     33 

t» 

12 

3.2  ' 

1  o.a5 

;    4 

53 

"     19 

»t 

12 

'    3.48 

0.3 

'   12 

52.5 

"     23 

.. 

13 

'    3.16 

o.a'i 

Aug.  27 

•'       4 

..     17 

1 

"     14 

1 

**      12 

1 

•'     23 

1 

"     23 

1 

'•     23 

* 

"     17 

"     12 

X 

"     12 

"     12 

•     12 

'      Z\ 

1 

•'     12 

July  2:^ 

«• 

8 

3.26 

0.3 

"     23 

>i 

8 

1    3.26 

O.Sl 

8 

5(> 

••       5 

Aug. 

29 

1    2.9 

o.;j8 

11 

M 

••     19 

Sept. 

8 

1    3.26 

o.:i6 

6 

Xi 

Aug.   4      1 

1 

•     23 

1 

i.     07 

■** 

"    2:^     1 

*•     ♦     1 

July  Zi      1 

•  • 

12 

3.%^ 

0.34 

13 

55.5 

•'     28      1 

ft» 

8 

1     3.91 

o.:i6 

9 

.K) 

*'     23 

*• 

8 

3.?2 

o.;j5 

13 

.v..  5 

"     Zi 

t» 

8 

3.:« 

o.:33 

14 

57.5 

u     2:j     ' 

»• 

8 

3.58 

0.35 

10        ' 

r>6 

"     23      ' 

•  • 

8 

3.45 

0.4 

16 

56 

"      19      , 

«• 

8 

3.4 

o.:» 

19 

58.5 

••     23 

k« 

8 

3.52 

0.28   ; 

12 

•>i  .;> 

••    2:^ 

ft* 

8 

3.46 

o.:j5 

15 

57 

Aug.  23 

1 
1 

July  2.'i 

•  4 

12 

3.;fi 

0.31 

8 

55 

Aug.  4 

4« 

20 

3.72 

0.3      1 

1 

46 

July  Zi 

k« 

15 

3.39    1 

O.X< 

4 

54 

•'      28 

•  • 

12 

3.9      ' 

o.3:j 

8 

:^i 

Aug.  Z\ 

July  19 

(« 

8 

3.2      ' 

0.3 

16 

58 

"     23 

tt 

8 

3.58  ; 

o.:ffi   ' 

9 

57.5 

Aug  Zi 

1 
1 

♦This  is  a  winter  variety. 
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Table  III  (Continued).— W*^^/,  /8g3, 


o 


3^2 

'MS 
U4 

347 

:i48 

340 
350 
354 
3.16 
357 
:&H 
'SXt 
300 
361 


"     I 


36a    I 

364  : 

:m  , 

:m{   ! 

:«7   I 

3rtS 
370 

:<s« 

390 

:m 

392 

393 

395 
:j»7    I 
3Sih    I 
39K«2i 
39!) 
400 
401 
4OII2, 
402    ; 
402 '-^ 

mi 
4m 

405 
406 

407 
IDS 
409 


NAME 


•Valley 

Early  Oakley 

Genoese 

•Egyptian  Flint 

♦Martin's  Amber  .   .    .    . 

Indian 

Sheriff  (four-rowed). .  .   . 

Baart 

Ward's  Prolific 

Ro«cworlhy 

Australian  Purple  Straw. 

*'  Indian.  .   .   . 

•Sibley's  Golden  .   .   .    . 

l)u  Toiis 

Steinwedel's  Early  .    .    . 

R.<ttling  Tom 

V'olo 

Missogen 

Atlanii 

•Reliable 

Sadoza  

Curtis'  White 

Seven  Headed  Red.    .    . 
Ontario 


■o 

A 


Q 


•Improved  Rice. 
•Curr.it's  Prolific 

•Mealy 

•Egyptian  No.  1, 

F  .   . 

•PoJlard    .... 

•Carter's  A  .    .    . 

B  .    .    . 


* 

* 
* 


C 

n 

E 
F 
G 
H 


*Northcote's  Amber. 

Algerian  No.  1   .    .    . 

No.  2  .    .    . 


No.  3 


•Reiti 

Cialland  Hybrid. 

y^eiand 

Lanneurde  Mars 
Berthoud  .... 
Mold's  White  .  . 
*     "     Red  .   .    . 


Aug.  12 

July  23 

•*     23 


"     10 

•  12 

••  19 

••  5 

•  14 
••  2 

Aug.23 
July  12 

•  14 
"  14 
••      12 

••    2:^ 

"     12 

Aug.   4 

July  19 

"      19 

*•     19 

••      12 

••      12 

Aug.  4 

••     23 
"     17 

July  19 

Aug.  17 

••      12 
..     1; 

'•  12 

"  17 

'•  4 

'•  12 

'•  12 

"  23 

"  17 

"  12 

•  27 
July  12 

"  12 
*•  12 
•'  12 
•'  28 
Aug.  12 

•  4 
July  23 

"      19 

*'     28 

Aug.  12 

*•     27 


V 


Sept.  12 

"       8 


Aug.  20 
Sept.  8 
"  8 
Aug,  20 
Sept.  8 
Aug.  29 

Sept.    8 

8 

8 

8 

12 

8 

8 
8 
8 
8 
8 


**     20 


•'     15 


20 
20 

8 
8 
8 
8 
15 

15 

12 

8 

5 

15 


*5 

X 


feet 

3.56 
3.26 


3.26 

2.8 

3.26 

3.26 

2.2 

3.58 

2.0 

3.20 
3.26 
3.45 
3.57 
3.52 
3.30 

3.28 

3.46 

3.75 

3.2 

3.26 


3.85 


3.66 
3.11 

3.26 
3.26 
3.26 
3.58 
4.24 


4.24 

3.91 

3.5 

4.24 

3.52 


a 


B 


/«/ 

0.35 
0.33 


0.36 

0.26 

0.33 

0.4 

0.27 

0.33 

0.25 

0.33 

0.28 

0.3 

0.2 

0.39 

0.2 

o.:i3 

0.38 
0.27 
0.18 
0.23 


8    I    3.58         0.33 


0.22 


3.35        0.39 


0-26 
0.31 

0.23 
0.23 
0.21 
0.28 
0.3 

0.3 

0.30 

0.33 

0.3 

0.33 


0* 


1 

!      3 

24 
I  22 
I     10 

12 
« 


11 
8 
0 
1 


Si 


!  » 
<  c 

6D3 


4S 

'   56 
;   Si  .5 
^  40 


♦This  is  a  winter  variety. 
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Table  III  (Continued).— W*/a/,  189S. 


e 
2 


409Hi 

410  i 

410Hi 

411 

412 

413 

414 

416  I 

417 

418 

419 

430  j 
421 
422 
423 
424 

425  I 

426  ! 

427  I 
42S  1 

431  1 
431H 
43m. 
432 
433 
434 

4a5 

436 
437 
4'^ 
4«j8 
M39 
440 
441 

442  I 

443  I 

444  1 

445  ! 

446  ; 

447  ' 

448  > 

449  > 
3440    I 

4493^1 

450  I 

451  I 
462  t 
453 
454 
455 
456 
457 
458 
459 
460 


NAME 


Algerian  White. 


Hungarian 

Prize 

Little  Wonder 

Champion 

Oakthof  s  Champion . . 
*  Incomparable  .   .   .   . 

Fillbag 

McDowell 

Young's 

California  Red  .... 

Little  Club 

•Dookie 

Essex 

Purple 

Tuscan 

{ubilee 
^eaice's 

Rodi 


Dcra. 
Bag^i . 
Ratti  . 
Dorin, 
Pilli.  . 
Walu. 
•Lohi 
Khel  . 


Shega 

Awal  No.  1  .   .    . 

"      No.  2.   .   . 

Arizona  Indian  . 

Archer's  Prolific 

Dattel 

Daub  1 

Farrie*s  Durum  , 

Barwick 

•Early Jasper.    . 


Bancroft  .... 

Toronto 

Banater 

Paros 

Cape 

Nashi 

Hudson's  .... 
Murray  River.    . 
Green  Mountain. 
Stockton  .... 
Cordova,  .... 


Aug.  23 

July  28 

"     14 

Aug.  4 

July    5 

'•     19 

•*     19 

"     12 

"  5 
"  19 
**  12 
"  5 
*•  19 
Aug.  23 
July  19 
"  19 
14 
12 
19 
6 
5 
12 
5 
5 
5 
5 
5 
5 
28 
5 
5 
5 
5 
5 
5 
12 
12 
12 
23 
23 


it 
«• 


(f 


«< 


<< 


Aug, 
July 


if 


l< 


14 
14 
12 
12 
12 
12 
14 
12 
12 
12 
12 
12 
14 


Sept.  15 
8 
15 

8 

8 

12 

8 

Aug.  29 

Sept.  8 

"   8 

*•   8 

"  12 


<t 

12 

•t 

8 

i. 

8 

«• 

8 

Aug. 

29 

Sept. 

8 

Au^. 

31 
on 

•♦  29 
Sept.  8 
Aug.  29 
29 
29 


Sept. 


29 
29 
29 
29 
29 
29 

8 
20 
12 

8 
12 

8 

8 

8 

8 

12 

8 

12 

12 

12 

8 

8 

8 

8 


•9 

.Eo 

«« 

US 

2- 

•s 

00 

** 

ja 

i-< 

M 

mwm 

X 

e 

JS 

.220 

/e,/ 

/eet 

OM. 

4.88 

0.26 

2.9 

0.26 

8 

3.S2 

0.32 

2 

3.8 

0.25 

14 

3.26 

0.28 

13 

3.65 

0.33 

13 

3.26 

0.3 

14 

2.6 

0.24 

17 

3.58 

0.33 

9 

3.5 

0.33 

22 

3.0 

0.28 

11 

3.2 

0.2 

9 

3.39 

0.35 

16 

3.42 

0.33 

10 

3.26 

0.36 

16 

3.2 

0.37 

14 

3.26 

0.3 

10 

2.4 

0.28 

13 

2.61 

O.'i- 

11 

2.71 

0.33 

12.5 

2.3 

0.26 

9 

2.3 

0.24 

10 

2.5 

0.3 

10 

2.1 

0.29 

9 

2.3 

0.3 

10 

2.3 

0.27 

9 

2.6 

0.29 

10 

2.3 

0.3 

2.3 

0.3 

11 

2.20 

0.27 

11 

2.3 

0.27 

12 

2.9 

0.25 

12 

3.1 

0.37 

12 

3.45 

0.28 

1 

4.01 

0.32 

12 

3.67 

0.33 

0 

3.1 

0.3 

14 

3.58 

0.28 

15 

3.28 

0.3 

8 

3.0 

0.23 

12 

2.85 

0.35 

9 

3.26 

0.23 

17 

3.26 

0.25 

18 

3.0 

0.28 

15 

3.33 

0.21 

12 

3.1 

0.33 

5 

3.42 

0.33 

12 

3.42 

0.4 

11 

3.26 

0.26 

6 

3.58 

0.35 

10 

u 
V 

a 


'v 


I6s. 


56 

41 

56.5 

55 

S2 

59.5 

64 

56.5 
57 
60.5 
50 

54 
54.5 

58 

63 

50 

65 

61 

63.5 

63.5 

66.5 

64 

64 

65 

63.5 


63.5 

63 

63 

63.5 

64 

52.5 

43 

54 

52.5 

56.5 

61 

55 

61 

50 

66 

61.5 

51.5 

57 

50 

58 
62 
56 


•This  is  a  winter  variety. 
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Table  III  (Continued). —  Vi^keat,  i8g8. 


o 
5r. 


NAME 


T3 
U 

(8 


Q 


461 
462 
463 

Little  Club 

Algerian 

Carter's  1 

464 
465 

Laird's  Prolific 

Borneo 

466 

Rciti  1 

467 
468 
460 

Veneta 

Varlsotta 

Noah 

470 
471 

Beiolourka 

Reiti2 

472 

ft" 

475 

Bordeaux 

Blood  Red 

Herisson 

476 

477 
478 

White  Flanders 

'^Australian 

Fleck 

47814 
470 

4^ 

4^1 

M>^?, 

4H3 
4H4 
4H5 

4>^ 

4H7 

4«8 
4^) 

40() 

4»1 

4i^^ 

4in{ 

494 
495 

496 

497 

499 

499H 
500 

502 
50B 

HH 

505 
506 
507 

• 

508 

* 

500 

• 

510 

511 
512 

• 
*      ' 

513 
514 

• 

* 

515 

• 

<< 


July  14 

••     12 

19 

19 

14 

23 

••     23 

••     23 

"  •  19 

'•      12 

"     19 

••     23 

"      19 

Aug.   4 

July  19 

Aug.  12 

July  19 
23 
19 
14 
14 
12 
12 
14 
12 
19 
Mi 
14 
19 
19 
12 
19 
19 
19 
14 
19 
19 
12 
19 
12 
19 
12 
19 
12 
12 

Aug.  23 
"  27 
"    17 

July  28 

Aug.  12 
'*  12 
"    27 

"  :« 

"    23 


<  • 
«« 
<< 
l< 
*t 

If 

•  • 
l< 


•  « 


it 

•  • 

i* 
<< 

•  « 


V 

a 

V 


Sept.    8 

"       8 

••       8 

••       8 

Aug.  31 

Sept.  12 


12 

8 
8 
12 
8 
8 

12 
15 

8 

12 

12 

12 

12 

8 

8 

8 

8 

8 

8 

8 
12 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


12 


JZ 

'v 

X 


feet 
2.94 
3.5 
3.72 
50 
45 
04 
88 
3.% 
3.26 
3.4 
3.26 
3.59 
3.26 

3.29 
3.52 

3.4 

3.43 

3.1 

3.06 

3.52 

3.51 

3.26 

3.59 

3.0 

3.26 

3.26 


2.64 

3.26 

3.0 

3.59 

3.0 

3.5 

3.3 

2.94 

3.26 

3.26 

3.59 

3.5 

3.56 

3.0 

3.26 


3.55 


C 


/ert 
0.15 
0.26 
0.33 
0.38 
0.26 
0.37 
0.33 
0.33 
35 
.21 
0.35 
0.3 
0.36 


0. 
0. 


0.16 
0.36 

0.39 
0.33 
0.15 
0.17 

o.:« 

0.37 

0.4 

0.3 


0.23 

0.3 
G.41 


0.28 
0.3 

0.39 


0.39 


.5  c 


CO 


oz. 

lU 

17 

10 

11 

23 

B 

< 

11 

9 

n 

12 
21 


12 
«< 

11 

10 
9 

10 

s 

» 

9 
10 

• 

4 

9 

9 

.> 

1ft 

?< 

10 

10 

1 

9 

10 
10 
9 
15 
16 
15 


i! 

ih. 

36.5 

« 

57  .S 

5S5 

615 

54 

19 

.if*. 5 

57 

64 

53 

j6 

55.5 

545 


» 

.>4 

53.5 

56  5 

51 

5I» 

fi) 

oS 

54 

3&.5 

fit) 

#5 

56 

32 

.*5 

565 

55 

5.** 

57 

575 

6P.5 

53 

57 

m 

^1 
.V 

d< 
flu 

9 


♦This  is  a  winter  variety. 


Variety  Testa  of  Wheat,  Oata  and  Barley. 


Table  III  (Concluded).— (f-ica/,  /89S. 


1 
1 

■s 

! 

■i: 

III 

i 
i 

m 

1 
i 

1 
1 

m 
w 
an 

i 

:^ 

■    12 

."J? 

-i 

■•     30 
July  12 

Sepi.  15 

"     30 
■     20 

;;    IS 

■■     13 

S.l 

If 
27s 

0.35 

SI 

' 

M 
47:5 

•T 

-inwv 

.i.ry. 
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Table  lV,—lVAga/,  1899. 

This  gives  the  reautts  %l  the  second  year's  trial  of  all  the  varieties  reported  in  Table  HI 
-which  matured  seed  in  180B.  One  row  10  feet  long  of  each  variety  was  planted.  Thenm 
were  20  inches  apart. 


NAME 

1 

t 

"o 

.Sc 

■c 

V 

M 

2£» 

« 

0 

ft 

;s 

V 

2 

Q 

a 

S 

^ 

>■*"• 

/€€t 

/«/ 

M. 

1 

Minnesota  Fife 

July  28 

Sept.    8 

2.8 

0.33 

a 

2 

White  nfe 

"       8 

3.28 

0.33 

3 

3 

Sherman 

"     » 

•*       8 

2.8 

0.88 

S 

4 

White  Russian 

"     24 

»'       8 

2.8 

0.28 

6 

5 

Odessa 

•'     16 

2.0 

0.3S 

2.5 

6 

^Eldorado 

7 

Soft  Australian 

-     28 

"     16 

3.0 

0.3 

4.5 

8 

Defiance 

«•     28 

"     16 

3.0 

0.3 

3 

9 

Champion 

•*     28 

"     16 

2.0 

0.36 

5 

10 

Oregon  Club 

•'     28 

-     16 

3.0 

0.25 

3 

11 

Hara  Australian  .... 

*•     28 

••     16 

3.5 

0.33 

1 

12 

Sonora    

"     14 

-     16 

S.5 

0.23 

3 

13 

White  Mexican 

*»     24 

"       8 

3.26 

0.28 

10 

14 

Improved  Fife 

'•     28 

••       8 

3.26 

0.3 

S 

16 

Brooks 

•«     28 

••       8 

3.6 

0.35 

9.5 

17 

Rio  Grande 

•*     20 

••       8 

3.4 

0.35 

8 

18 

Canada  Club 

••     24 

••       8 

3.26 

0.25 

5.5 

10 

,  udlcin 

Lost  Nation 

"     28 

"       8 

3.4 

0.35 

9.5 

2U 

"     24 

Aug.  30 

3.26 

0.33 

% 

21 

Touzelle 

"     14 

Sept.    8 

3.2 

0.3 

10 

22 

Australian  Club  .... 

"     24 

"       8 

3.26 

0.35 

14.5 

23 

Golden  Globe 

••     16 

3.6 

0.36 

10.5 

24 

Mediterranean  Spring  . 

•*     24 

•*       8 

3.6 

0.33 

11.5 

25 

China  Tea 

•'     24 

"       8 

3.75 

0.35 

li.5 

26 

Chili 

"     20 
'•     24 

"       8 
•'     16 

3.26 
3.8 

0.3 
0.35 

16 

27 

China  Spring 

5 

2n 

Egyptian 

••     28 

"     16 

3.6 

0.23 

2.5 

29 

Saxon  Fife 

"     16 

3.26 

0.3 

4 

:* 

Dominion 

••     28 

"      16 

3.26 

0.3 

3 

Si 

Prussian 

••     28 

"       8 

3.0 

0.25 

1 

32 

Golden  Drop 

**     28 

••       8 

3.26 

0.3 

f 

33 

Pnngle's  No  6 

..     24 

"       8 

3.26 

0.3 

H 

34 

No.  4 

"     28 

••       8 

4.0 

0.3 

10.» 

35 

No.  5 

••     24 

••       8 

3.59 

0.27 

9 

m 

Winter  Australian  .    .    . 

••     28 

"     16 

3.5 

0.3 

7.5 

;*< 

•Fult/ 

.H9 

Midge  Proof 

••     28 

'•     16 

3.5 

o.s;: 

1 

40 

Black  Centennial   .   .    . 

"     28 

"       8 

3.6 

0.25 

10 

41 

Hedgerow 

••     24 

"      18 

3.8 

0.16 

4 

42 

Granite 

*•     24 

*•     16 

3.0 

0.3 

0 

43 

Italian 

"     14 
"     24 

"       8 
••       8 

3.4 
3.26 

0.23 
0.3       I 

IJ 

44 

New  York  Flint  .... 

11 

45 

Bald  Baltic 

♦'     20 

•'       8 

3.1 

0.3 

9.5 

48 

Red  Orange 

-     24 

"       8 

3.4 

0.4 

8 

50 

Perkey    

..     14 

**       8 

2.9 

0.» 

U 

51 

Hybrid  No.  10 

"     28 

"     16 

3.6 

0.36 

4.5 

52 

Golden  Chaff 

••     20 

"       8 

3.25 

0.33 

S 

53 

Med'rancan  Red  Chaff 

••     28 

-     16 

3.4 

0.3 

6 

54 

Velvet  Chaff 

•'     16 

3.8 

0.33 

5 

55 

Turkey 

*•     28 

'•     16 

3.2 

0.28 

7 

56 

Sardonyx 

«'     16 

3.6 

0.33 

5 

57 

Amethyst 

••     16 

3.6 

0.35     1 

S 

^Damaged  by  gophers. 


Variety  Tests  of  Wheat,  Oats  and  Barley. 
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Table  IV  (Continued). — H'Aea/,  i8gg. 


58 
50 
00 

r«0 
61 
62 
63 

.M3 
64 
66 
« 
67 
68 
TO 
71 
72 
73 
76 
u 
78 
HO 
Kl 
82 
83 

H5 
86 

87 

^8 

Hi 

00 
93 
98 
300 
102 
110 
112 
117 
118 
119 
120 
122 
123 
124 
125 
126 
127 
128 
129 
131 
133 

ass 

136 
138 
145 
146 
147 


NAME 


Ruby  .  . 
Jasper.  . 
sapphire. 


Chalcedony 
Emerald  .   . 
Black  Chaff 


Cretan 

Andriola  Red  .... 
•*        Amber  .   .    . 

Purple  Chaff 

Boughton 

Anautka 

Fountain 

Palestine 

White  Chaff  (smooth) 

Perfection 

German  Fife 

Mammoth 

Samara 

Durum. 

Saratov 

Ames 

Moscow 

Knapp. 

Scotch  Fife 

Doty 

Meekins 

White  Michigan.    .   . 

Rickenbrode 

Black  Beard 

German  Amber   .    .    . 

Dallas 

Finiay 

"Propoe 

Red  Clawson 

Big  May 

Sardius 

Chrysolite 

Beryl 

Jacinth 

Camelian 

Agate  . 

Onyx 

Opal 

Garnet. 

Tourmaline       .    .    .    . 

Felspar 

Casaca 

Tuscan 

Tuskana.    .   .    .    .\  .    . 

Pearl 

White  Chaff 

Red  Oregon  Club   .    . 

Hedgerow 

Aowse 


« 

M 
ft 

Q 


July  24 
*•  20 
"  28 
"  28 
"  28 
"     24 


24 
24 
20 
24 
28 
20 
28 

24 

28 
24 
28 
24 
20 
24 
20 
24 
24 
28 
20 
20 
20 
29 
20 


24 

28 
29 
24 
24 

20 
28 
24 

28 
28 
30 
28 
28 

20 


*•     24 
Aug.  25 


«« 
«< 
t« 
•« 
»• 
•* 

i< 
f» 
•< 
<< 
«« 
II 

•  < 
(I 
<« 
•« 
li 

If 
>i 


f  < 


It 
«< 
It 
II 
It 
ti 
II 
«f 
ii 


X 


Sept.  16 

"       8 

8 

8 

8 

8 

16 

16 

16 

8 

8 

8 

16 

16 

16 

"     16 

Aug.  ao 

Sept.    8 

8 

16 

16 

16 

8 

8 

8 

8 

16 

Aug.  30 

Sept.    8 

••       8 

•*      16 

•♦       8 

16 

16 


II 
i< 
t« 
i< 
it 
II 
ti 
ii 

<i 


*« 
«< 
i< 
II 
<i 
•I 
II 
II 
II 


II 
I* 


"       8 

••  8 
♦'  8 
**  8 
•*  8 
Aug.  30 
Sept.  16 
*'  16 
16 
16 
16 
8 
16 
8 
16 


Ii 
»i 
Ii 
*« 
<i 
it 


ti 
«i 


16 
16 


/- 


3. 
3. 
3. 


B.50 

3.8 

8.26 

4.0 

3.7 

8.8 

3.7 

7 

85 

4 

3.26 
3.4 
3.26 
3.0 
3.0 
3.75 
3.26 
3.5 
3.8 
3.7 
3.6 


6 
5 
0 


3.6 

3.7 

4.0 

3.5 

3.8 

3.5 

3.55 

3.7 

3.0 

3.5 

3.26 

3  4 

3.8 

3.26 

3.26 

3.26 

3.5 

3.5 

3.6 

3.5 

3.8 

3.8 

3.26 

3.75 

3.5 

3.28 
3.26 
3.26 

3.8 


m 


e 


/«/ 

0.36 

0.33 

0.33 

0.38 

0.3 

0.4 

0.23 

0.3 

0.23 

0.25 


0. 
0. 
0. 
0. 


0. 
0. 
0. 


23 
16 
18 
3 

0.33 

0.4 

0.25 

a 

35 
35 
2 
0.2 
0.3 
O.Zi 
0.3 
.26 
.3 
.25 
0.33 
0.33 
0.33 
0.25 
0.36 
0.30 

0.3 

0.33 

0.3 

0.33 

0.28 

0.26 

0.25 

0.25 

0.28 

0.28 

0.33 

0.15 

0.28 

0.33 

0.33 


0 
0 
0 


4 

25 

28 


0.4 


2- 

W4, 


•s 


5.2  S 


ffM. 

3 

8.5 
7 


4.5 
11.5 

9 

5 

2 

7 
12 

6 

12.5 
10 
11.5 
11 

10.5 

8.5 
11 
5 

6 

8.5 
10 
10 

9 
12 

7 
11 

6 

8 

5.5 

9 

0.5 

5.5 


10 

10.5 
15.5 
6.5 
8.5 
12 
10 
10.5 
11.5 


12 
3  . 
7.5 


5 

11.5 
13 

1.5 
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Table  IV  (Continued).— W^^^a/,  /Sgg. 


o 


148 
149 
150 
152 
153 
154 
155 
156 
157 
LW 
150 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
172 
174 
^174 
175 
176 
177 
J  78 
179 
180 
182 
184^ 
186 
188^ 
188/^ 
188c 
189 
191 
192 
108 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
207rt 
20H 
209 


NAME 


Monmouth 

Russian  (spring)  .    . 

Vermillion 

Edenton  Fife.  .  .  . 
Nox  Ne.  2 

••    No.  1 

•*    No.  4 

•'    No.  3 

Pringle's  No.'l7   '. 
No.  18   .    . 

Wales 

Dead  Sea 

Northcote's  White  . 
*•  Amber 

White  May.  .  .  .  . 
Cat  Mountain  .  .  . 
Reed  Straw   .    .    .    . 

Cayaga   

Black  Chaff  .   .    .   . 


V 

V 

JS 

V 
el 

Q 


Gneiss 

Quartz 

Red  Mediterranean 

French  Imperial    .    . 

Nebraska 

White's 

Kivct 

Rust  Proof 

Baltimore 

Purple  Straw.  .    .    . 


July  28 
28 
28 
29 
29 
30 
2U 
24 
28 
28 
••  28 
"     28 

"     38 

..     24 

••     20 
Aug.  16 

July  24 


(< 
ff 

•  < 


U 


t  t 


Wintergreen, 


Hunter's  Spring  . 
Hardwick  .... 

(»eiger 

Hornblende  .    .    . 
Sea  Island.    ... 
Edmcnton  .... 
Winnipeg  Russian 
Manitoba   .... 


Winnipec 

Russian  White  .  .  . 
Hallett's  Pedigree  . 
Sibley's  No.  1  .  .  . 
French  Black  Chaff 

Rural 

Velvet  Club  .... 

Austrian 

Bohemian  

Whittington  .... 


Snowflake  .    .    .    . 
Beardless  Velvet. 


28 
20 
28 
"  30 
Sept.  1 
July  20 
"  24 
Sept.  16 
July  30 
Sept.  16 
July  20 

Sept.  16 

July  20 

*•     20 

Sept.  16 

July  20 

20 

24 

28 

24 

28 

29 

24 


>« 
<t 

it 


4' 


Aug.  16 

uly  28 

ept.  1 

Jufy  28 

Sept.  16 

July  24 

'*     24 

**     24 

u     24 


Q 


Sept.  16 

8 

•*       8 

♦•      16 

•*      16 

"      16 

Aug.  30 

Sept.    8 

16 

16 

16 

16 

16 

16 

16 

8 

16 


ft 
tt 
•t 
•t 
•« 

it 


t« 
<< 
«( 
<> 
< . 
•< 
ft 
■« 
It 
•t 


8 
16 

8 
16 
16 
16 

8 
8 


"      16 

"       8 

••      16 

8 
8 


8 

8 

16 

8 

8 

8 

16 

16 

16 

16 

16 


"  16 

••  16 

♦•  8 

"  16 

••  8 

*•  8 


'Z 

X 


3.7 

3.26 

3.59 

2.9 

3.4 

3.26 

3.0 
3.9 

3.75 

3.13 
3.5 

3.6 

3.28 

3.59 

3.26 
3.36 
3.6 
3.59 
3.9 
3.59 
8 
0 
1 


3 
4 

4 

3.7 

3.8 


3. 
4 


3.36 

3.26 
3.5 
3.1 
3.1 


u 

X 


■  -  5  i 


—       I  > 


>^/ 

/ret 

3.6 

0.4 

3.59 

0.33 

3.7 

0.4 

3.7 

0.35 

3.8 

0.35 

3.8 

0.35 

3.26 

0.3 

3.50 

0.33 

4.3 

0.35 

3.85 

0.35 

3.8 

0.3 

3.7 

0.3 

3.9 

0.3 

3.5 

0.25 

3.5 

0.3 

3.26 

0.3 

3.28 

0.33 

035 

0.3 

0.33 

0.33 

0.33 

0.3 

0  2S 
0.4 

0.35 

0.3 
0.33 

0.2S 

0.3 

0.3 

0.25 

0  2S 

0.2^ 

0.23 

0.36 

0.3 

0.3 

0.28 

0.% 

0.33 

0.26 

0.4 

0.25 

0.3 

0.2S 
0  3 
0.26 
0.25 


6 

I  5 
13 

6.5 


14 
11 

14 

!-.5 

U 

**  5 
13 

d.i 

14  5 

125 

fi 

II  5 

10  .> 

1* 
It 

;i5 

11 

l<> 

11  5 

V} 

9 

10 

«> 

<i 

I^ 
I 

1  J 


•55 

35 
6.5 
6 


Variety  Tests  of  Wheat,  Oats  and  Barley, 


29 


Table  IV  (Continued). —  Wh^at,  i8gg. 


e 


210 

212 

213 

214 

316 

223 

223 

224 

.  225 

225', 

236 

227 

228 

230 

231 

233 

231 

238 

210 

241 

242 

243 

2*4 

255 

257 

21*0 

283 

288 

^92 

299 

300 

301 

302 

;i03 

304 
305 
306 
307 
309 

ai9 

321 
322 
331 
'S& 
334 
3360 

337 
342 
343 
344 
347 

^348 

UAH 

350 

ai5 


NAME 


Tnearog 

China  While.   .   . 
•'      Red.   .   .   . 

Missouri  Turkey. 
California  Walker 
Saskatchewan  .   . 
Rye  ....... 

Frankenstein.  .    . 
March.    ..... 


Flourelle 

Victoria 

White  Velvet  .    . 

Verplank 

Sandomirk.    .    .    . 

Wicker 

Shumaker  .... 
Snake  River  .  .  . 
Red  River  .... 

Upland 

Hard  Manitoba   . 

Santa  Fe 

Tasmanian  Red  . 
Tread  well  .... 
Uxbridgc  .... 
Rust  Proof  (soft) . 
Dand  Khan  No.  2 

Fulcaster 

Tappahannock   .    . 

Gypsum 

Basialt 

Flourspar   .... 

Granite 

Platinum 

Porcelain    .... 

Silica 

Trai 


iP 

Pool's  Red.    . 

Deitz  Red  .  . 
*'  Amber. 
Dayton  .  .  . 
Weeks.  .  .  . 
Hoover  .  .  . 
Vallev.    .   .    . 


Genoese 

Indian 

Sheriff  (four-rowed) 

Baart 

Ward's  Prolific.   .   . 
Roseworthy  .... 


Australian  Purple  Straw 
Australian  Indian  .  .  . 
Du  Toits 


V 


July  24 
..     24 

"      28 
Aug.  16 

July  :» 
"  28 
Aug.  10 
July  24 
Aug.  10 


'*     24 

Sept.  16 

July  20 

'•     28 

"     24 

'•     30 

••     28 

Aug.  5 

"       5 

July  29 

Aug.  16 

"        5 

"       5 

5 

July  14 


.    5 


Aug 
••       3 

July  29 
'•  28 
'•  29 
..     24 

••     23 

Aug.  3 

••       5 


"  15 
July  34 
Aug.  5 
Sept.  1 
Aug.  5 
••  5 
July  28 
28 
14 
24 
28 
14 
14 
20 
14 
14 


* 

*t 
t* 
•« 


a. 


O 


Sept.  8 
"  8 
'•      16 


it 


<< 

n 
<( 
<< 
•  I 

«• 
t< 
t< 
it 


* 

It 

(• 
<< 
f« 
<i 


<4 

«< 
«. 
•  ( 
f. 

(< 
«< 


16 
16 

16 


16 
16 

16 
16 

8 
16 
16 
16 
16 
16 
16 
16 
16 
16 

8 


10 

16 

16 

8 

16 

8 

8 

16 


16 

8 

8 

8 

16 

16 

8 
8 
8 
8 


bfi 


/eet 
3.26 
3.26 
2.7 


3.6 
3.6 
3.4 
3.0 
3.26 


3.6 
3.5 


3.6 
3.26 
.75 
.6 

.8 


6 
0 
2.8 
3.6 
3.5 
3.26 
2.4 
3.1 

3.45 

3.7 

3.7 

3.45 

3.6 

3.5 

3.26 

3.6 


3.45 


•a 

V 

j: 
*»« 

o 

c 


0.28 
0.33 
0.23 


0.33 

0.:i3 

0.39 

0.3 

0..')0 


0.33 

0.25 

0.26 

0.35 

0.3 

0.4 

0.3 

0.33 

0.3 

0.33 

0.35 

3.28 

3.33 

0.25 

0.4 

0.33 

0.35 

0.3 

0.35 

0.4 

0.35 

0.3 

0.35 


0.3 


3.6 

0.34 

3.7 

0.35 

3.50 

0.3 

3.0 

0.3 

3.8 

0.28 

3.0 

0.35 

4.0 

0.45 

2.0 

0.23 

3.26 

0.3 

2.1 

0.2 

3.0 

0.3 

.So 

cS 
.Si2  5 


oz. 
7 
11 


4 

9 


4.5 

8.5 
3 


15.5 

11 
10 

7 

5 

4.5 

5.0 

6.5 

7 

0.5 

4 

5.5 

6 
13 

1.5 

5.5 

6 

8 
11 

8 

10.5 
13 

8.5 


15 


12 

6.5 
13 

4 

7.5 

6 

7.5 

8 
13.5 

8 
14.5 
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Table  IV  (Continued). —  IVheat,  iSgg, 


o 


357 

aftH 

35Ua 

:«i 

'SfSA 

:«4 

365 
.166 

386H 

377 

383 

38K 

389 

393 

307 

398 

398'/4 

400 

401 

4om 

^402 
402^ 
404 
«XS 
406 
407 
408 
400 
410'.^ 
411 
412 
413 
414 
416 
418 
419 
420 
421 
422 
424 
425 
426 
427 
428 
431 

4;i2 
433 
4:i4 
435 
436 
437 
4:ff< 
4:19 


NAME 


Steinwedel'ti  Early. 
Rattling  Tom   .   .   . 

Missogen 

Atlanti 

Sadoza 

CurtiB' White.  .  .  . 
Seven  Headed  Red. 
Ontario 

Egyptian  No.  8.  .   . 

r      •      •        ■      • 

Carter's  A 

"       B 

Algerian  No.  1.  .   . 
"        No.  2.  .   . 

Gallin'd  Hybrid ".  '. 

Zcland 

Lanneurde  Mars  .  . 

Rerthoud 

Mold's  White    .   .   . 
•'      Red 

Hungarian   .... 

Prize 

Little  Wonder  .   .   . 

Champion 

Oakshot's  Champion 

•  Fillbag 

McDowell 

Young's 

California  Red.  .   . 

Little  Club 

Ehscx 

Purple 

Tuscan 

Jubilee 

Leake's 

Rodi 

bera.  ....... 

B.iRgi 

Ralti 

Dorin 

Pilli 

Walu 

Lohi 

Khcl 


it 

V 


Q 


July  20 
20 
20 
20 
24 
24 
24 
24 
24 
20 
20 
28 
iO 
29 


•« 
t* 
i< 
«i 

a< 
<< 
«« 
II 
•  a 
11 
<i 
«( 
<< 


Sept  15 
Aug.  5 
Sept.  8 

Jnly  20 

"     20 

"      20 

••     20 

Aug.  20 

••       5 

"       5 

"       5 

Sept.  1 

"      16 

Aug.   5 

July  24 

Aug.   5 

July  20 

•'     28 

•     24 

20 

14 

24 

20 

14 

24 

24 

24 

24 

14 

24 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 


•• 
II 
«i 
1 1 
•< 
i< 
ti 
•I 
•I 
•< 
•  < 
•« 
II 
II 
II 
I. 
II 
•I 

k« 
<< 
•  I 
II 


V 

a 


Sept 


•  • 

!• 
11 
»l 
l« 
l< 


l| 
l« 
l« 
<t 


«4 
•  < 


It 
It 

•  < 
II 
fl 

•  < 


8 

8 

16 

16 

16 

16 

8 

8 

16 

16 

16 

16 

1« 

16 


16 


8 
N 
8 
8 

16 
16 
16 


16 
16 


"        8 

"       8 
.1    .  ^ 

8 
Aug.  30 
Sept.    8 

••       8 
8 
16 

8 
8 
8 
8 

Aug.   «)0 

Sept.    8 

••       8 

"       8 

Aug     30 

Sept.     8 

8 

8 

"        8 

'•       16 

Aug.    30 


3. 
4. 

3. 
3. 


*c 

X 

feet 
3.2 
3.28 
3.4 

.3 

.0 

.4 

.5 
3.7 
3.95 
3.1 
3.3 
3.65 
3.5 
3.65 


3.6 


3.26 
3.26 
3.26 
3.26 


3 
3 


3.0 


3.1 
2.5 

3.7 
3.5 
3.5 
3.50 
2.8 
3.45 
3.85 
3.  1 
2.  8 
5 

59 
3.35 
3.26 

4 

t 

8 

8 

8 

^ 

9Ci 

5 

5 

61 

15 

0 


3. 
3. 


C 


I     3  — 
I     "  — 


r  -  0 


0.3^ 
0.28 
02 
0.25 

o.:fi 

0.25 
0.28 
0.36 
35 
15 


0 
0 
0 
0  % 


0 
0 


0.25 


0 

0 
0. 
0. 


9 
2 

h 

25 


0.25 
0.36 
0.35 


0.36 
0.3 

0.33 

0.28 

025 

0.3fi 

0.2 

0.26 

0.» 

0.26 

0.15 

0.25 

0.25 

0.25 

0.3 

026 

0.35 

0.33 

o.as 

0.£ 
0.23 
0.35 
0.23 
0.3 
33 


95 


i    l(» 


.} 
6.5 

10.5 
13.5 

> 
10 


125 

15.5 

111  5 


4 

.1 


0 
0 
0.25 


1< 

115 
14  5 
14  S 
l^^ 
II 

(i 

65 


1«.5 

10 
115 

14 

!'.» 
125 

n 

10 

14 
R5 

45 
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Table  IV  (Continued). —  Wheat,  i8gg. 


NAME 


o 
Z 


440 
441 
442 

444 

445 

446 

447 

448 

449 

449^ 

450 

451 

452 

433 

454 

455 

456 

457 

45H 

460 

461 

462 

463 

464 

465 

466 

467 

46K 

460 

470 

471 

4?2 

4?2^ 

475 

47H 

47SJ4 

479 

a^ 

481 
4i<2 
4Ki 
*<4 
4H3 
4M6 
4>i7 
4»<H 
4WI 
490 
491 
492 
41t:t 
494 
4!I5 
496 
497 


Shega , 

Awal  No.  1.  .   .    , 

•;     No.  2.  .   . 
Arizona  Indian.  , 
Archer's  Prolific. 

Daltel 

Daub  I 

Farrie's  Durum.  , 

Barwick 

Early  Jasper.    .   . 

Bancroft 

Toronto 

Banater 

Paros 

Cape 

Nashi 

Hudson's 

Murray  River  .   . 
Green  Mountain. 

Cordova 

Little  Club.  .   .    . 

Algerian 

Carter's  I 

Laird's  Prolific.   . 

Borneo 

Rciti  1 

Vcneta 

Varlsotta.      .    .    . 

Noah 

Belolourka.   .    .    . 

Reiii2 

Bordeaux   .    .    .    . 

Herisson    .    .    .   . 
FIe.:k 

•  ••        •••••••••••■• 


•€ 

.£o 

e( 

«  - 

■8 

&s 

"O 

<•• 

c< 

u 

V 

a 

0 

o2 

J3 

vm 

J3 

•s 

U 

u 

M 

bc 

•o  E  > 

•4 

'5 

c 

:?sl 

Q 

Q 

X 

^ 

>-"- 

/ett 

feet 

oz. 

July  14 

Aug.  :io 

2.8 

0.25 

8.5 

•*     14 

"     30 

2.8 

0.23 

10.5 

"      14 

Sept.     8 

2.65 

0.2 

5 

•*      14 

8 

2.4 

0.23 

6.5 

..     j4 

Aug.  30 

3.0 

0.21 

13 

Aug.   5 

Sept.  16 

3.7 

0.25 

11 

July  20 

"     16 

4.1 

0.25 

12.5 

"     28 

••     16 

3.6 

0.3 

0m 
1 

"     28 

'•     16 

3.75 

0.3 

6.^ 

••     20 

"       8 

4.0 

0.2 

"     28 

"     16 

3.65 

0.2 

12 

•'     14 

•'       8 

2.85 

0.2 

4.5 

July  20 

Sept.    8 

3.26 

0.3 

10.5 

"     34 

"      16 

3.8 

0.24 

9.5 

..     34 

*•      16 

3.8 

0.22 

12 

••     20 

8 

3.26 

0.25 

15.5 

••     20 

••       8 

3.4 

0.18 

6 

•*     20 

Aug.  30 

3.1 

0.21 

16 

••     34 

Sept     8 

3.1 

0.25 

10 

••     20 

8 

3.5 

0.33 

10 

"     24 

••        8 

3.5 

0.33 

S..**. 

"     24 

*'      16 

3.0 

0.18 

9.5 

'*     20 

8 

3.45 

0.2;^ 

14 

Aug.    5 

•«      16 

3.8 

0.25 

6 

July  24 

8 

3.6 

0..'J5 

12 

^'      30 

Aug.    80 

3.2 

0.2;^ 

15.5 

Aug.  a) 

2() 

•'      20 

July  29 

Sept.     8 

3.H 

0.3 

4.5 

••     20 

8 

4.0 

0.21 

12.5. 

Aug.  20 

"       5 

••      16 

4.0 

0.25 

f 
1 

'•       5 

-       16 

3.7 

0.3 

12.5. 

July  28 

8 

3.  8 

0.15 

9 

••      28 

8 

3.  5 

0.36 

10 

Aug.  20 

July  2« 

"      16 

3.45 

0.15 

12.5 

'•      28 

"      16 

3.4 

0.15 

4.0 

••     2S 

*'      16 

3.25 

0.  3 

6.5 

*'      34 

8 

3.8 

0.:fc') 

6 

••     28 

••      16 

3.6 

0.3 

11 

••      28 

*•      16 

3.7 

r.;i5 

6 

'•     20 

8 

3. a 

13.5 

'•     28 

8 

3.5 

0.25 

10 

••     20 

8 

3.55 

7 

"     24 

8 

3.8 

9 

"      20 

8 

3.59 

0.25 

10 

••     20 

8 

3.5*> 

0.2« 

7.5. 

'•     20 

H 

3  50 

0.3 

12 

••     24 

••      16 

3.5 

0.35 

ma 

i 

'•     28 

8 

3.91 

o.:^5 

9 

••     2H 

H 

3.75 

0.4 

9  5. 

••     20 

8 

3.59 

o.:« 

11 

"     20 

8 

3.55 

0 :« 

9 

•'      34 

8 

3.4 

0.28 

Vi 
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Table  IV  (Continued). —  IVheai,  iSgy. 


«        1 

"0 

CT 

■  ^     «« 

•o 

5  - 

V 

X 

aft  4, 

"O 

*" 

NAME 

a 

a 

o 

'oS 

JZ 

•n 

•5 

CI 

V 

M 

&• 

"  £» 

c 

T.   2  » 

c 

« 

CS 

V 

b 

S  :  c 

z 

Q 

X 

>^" 

feet 

fret 

M 

490 

July  20 

Aug.  30 

3.26 

0.23 

165 

400  H 

••     24 

Sept.    8 

3.4 

0.25 

9.a 

5a) 

•     20 

Aug.  30 

3.1 

145 

501 

••     28 

Sept.  16 

3.65 

0.35 

5 

502 

"      28 

•      16 

3.55 

0-3 

S 

503 

■•     2H 

•      16 

3.65 

0.2 

H5 

504 

•  24 
•'     'JO 

•  20 
Sept.  10 

"      10 
"      15 

1 

8 
8 
8 

3.6 

3.65 

3.26 

O.;0 
0.28 
0.35 

10  5 

505 

K.s 

506 

1 

516 

517 

522 
524 

m 

540 

July  28 
Sept.  15 
•      15 

•"      16 

3.55 

0.35 

125 

541 

542 

543 

•'      15 
1 
July  20 

••        8 

2.35 

0.25 

544 

.545 

13 

» 
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Table  V. — Oa/s,  iSg6. 


This  Rives  the  results  of  oats  grown  from  seed  furnished  by  Professor  Vestal  of  New 
Mexico  during  the  season  of  1806.  One  row  50  feet  long  of  each  variety  was  planted.  The 
rows  were  IH  inches  apart. 


NAME 


^' 


3 
5 
6 
I 

8 
<) 

11 

13 

14 

Lt 

16 

17 

18 

18 
21 

2a 

»  ' 
31  1 
321 
34  I 
35i 
30, 
40, 

<2 
44  ! 

«i 

46 
47  I 
40  1 

50  I 

51  I 

52  I 
%\\ 
541 
So 
56 
W 
» 


Board  of  Trade  .    .    . 

.Australian 

Pringle's  Hulless  .    . 

No.  6.   .    . 

No.  4  .   .   . 

No.  6  .  .  . 
Belgio-Russian  .  .  . 
Russian  Black.  .  .  . 
New  Zealand  .... 
White  Russian  .  .  . 
Black  Tartarian.  .  . 
Early  Yellow  .... 
Early  Poland  .... 

Poland 

Potato 

Chinese  Hulless.  .  . 
Pringle's  Excelsior  . 

Rust  Proof 

South  Carolina  Black 

Clydesdale 

Colorado  Yellow  .  . 
Austrian  No.  2  .  .  . 
American  Beauty  .  . 
Black  Champion    .    . 

Monarch 

Race  Horse 

Swiss  Black 

Victoria 

Hopetown 

Waterloo 

Silesian 

Golden  Giant  .... 

Orient 

Lost 

Improved  American. 
Hargetl's  White.  .   . 

Excelsior 

Highbred 

Cape 

Algerian 


V 


Q 


July 


>« 

it 
«< 


Aug. 
July 
Aug. 
July 


«• 

•> 

<< 
« t 


June 
July 


13 
17 
13 
Z\ 
25 
Z\ 
25 
%\ 
13 
23 
31 
31 
13 
27 
31 
%\ 
11 
17 
13 
23 
20 
13 
17 
23 

H 
17 

3 
17 
23 
31 
20 
31 
31 
31 
25 
20 
25 
13 
29 

6 


V 

a 


Sept. 


t< 


4 
4 

17 

7 

7 

17 

17 

17 

4 

7 

r* 
I 

4 

7 

7 

17 

17 

31 

8 

8 

17 

8 

4 

"   17 

Oct.   7 

Sept.  17 

Oct.   5 

Sept.  4 
.   17 

17 
o 

'•   31 

Oct.   7 

5 

Sept.  17 

8 

17 

2 

Aug.  15 
Sept.  4 


Oct. 
«. 

Sept. 
<< 

•< 
Oct. 


Sept. 

Oct. 
<• 

Sept. 

Aug. 
Sept. 

<< 


"u 

Z 

feet 

3.8 

3.6 

3.7 

4.0 

3.K5 

4.0 

4.1 

4.0 

3.8 

4.2 

4.0 

3.9 

3.2 

3.6 

4.0 

4.3 

3.7 

2.6 

3.9 

4.6 

3.8 

4.0 

3.6 

3.45 

4.15 

3.5 

4.0 

3.5 

3.6 

4.0 

3  9 

4.6 

4.0 

4.2 

4.1 

3.4 

4.0 

3.8 

1.5 

2.8 


-a 

u 

o 

c 
o 


feet 

0.9 

0.85 

0.9 

O.H 

0.8 

1.0 

0.8 

0.7 

0.95 

0.9 

0.9 

i..r> 

0.7 

0.95 

0.85 

1.0 

0.9 

0.4 

0.7 

1.0 

0.95 

1.0 

0.9 

0.75 

0.7 

1.0 

0.65 

0.7 

0.7 

0.85 

0.9 


25 

,8 


0.9 
0.75 

o.h; 

0.31 
0.45 


£  £  '* 

o  f* 
V  So 


12  10 

11  4 

8  13 

9  2 

8  9 

7  3 

8  12 
11  2 
10  14 

9  3 
8  9 

10  13 

8  4 
7  12 

12 

9  4 
7  15 

14  14 

14  3 

11  8 
10  4 

9  9 

3  14 

10  4 

7  5 

11  3 

8  14 
10 

11  11 

10  4 

9  7 
10  6 
10  4 
10  11 

12  3 
14  10 

9  14 

4  4 
6  5 


.5  o 


a 

ex 

'53 


4 

4 

2 
•> 

2 


3 
4 
1 
1 
1 
4 
1 

2 

3 
5 
4 
3 
4 
3 
3 

o 

3 

4 

4 

3 

1 

1 

1 

3 

4 

4 

3 

1 
o 


<>x. 
11 
6 
11 
12 
14 

8 

4 

2 
13 
12 
12 

5 

i 

12 
14 
11 

10 
10 

4 
14 
11 

3 

9 

3 

5 

1 

6 
10 

9 

9 
11 
11 

8 

8 
14 
11 

8.5 

6 


Ibx. 
42 
45 

46.5 
:« 
38 
40 
37 
40 
43 
39 
31 

:j9 

43 
;J8 

;i6 

47 

:t5 
:i9 

44 
41 
45 
41 
36 
32 
45 
40 

40 

:*< 

42 
35 
41 
37 
:i8 

43 
40 
45 
40 


~(3) 
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Wyoming  Experiment  Station. 
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Table  VI. — Oafs,  iSgy. 

Thia  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Tkt>Se 
One  row  50  feet  long  of  each  variety  was  planted.     The  rows  were  18  inches  aj»*rt. 


\^ 

c 

tj 

rt 

Sll    I 

V            ~ 

V 

JB. 

sn        i^         BC 

V 

NAME 

o 
a 

*© 

•-\i 

1 

g    I  r 

X 

u 

** 
^ 

US 

tit  V 

u 

%i 

to 

u 

>«  ^  «• 

"^ 

U    ! 

o 

rt 

(6 

i3 

35 

B 

W  Co          * 

/'*t 

fttt 

lbs.  OS,    l^s. 

ifZ    1   lii 

1 

White  Dutch 

July 

20     S< 

ept.    8 

3.5 

0.7 

9    12     2 

S  si  ¥i 

2 

Board  of  Trade 

22       • 

•         3 

8 

9 

0.5  « 

a 

Australian 

22       ' 

•       11 

4.1 

0.85 

8    10 

2 

4    1  3» 

5 

Pringle's  Hulless 

20       ' 

4 

3.35 

0.93 

7    12 

1    1  433 

6 

No.  a 

22      • 

•       11 

3.65 

0.88 

10     6     2 

14      48 

No.  4 

26       • 

•       11 

3.67 

0.75 

9    13     2 

12    1  > 

H 

No.« 

28       • 

'       22 

3.87 

0.78 

10    11     2 

13  !:r 

9 

Belgio-Russian 

26      * 

8 

3.33 

0.72 

7     ^2 

1-2      31  i 

11 

Russian  Black 

26       • 

'       22 

3.34 

0.92 

12     4     2 

»  I 

13 

New  Zealand 

28       • 

*       22 

3.66 

Ml 

9     5 

o 

r>.5l  3B 

14 

White  Russian 

28       • 

'       23 

4.3 

0.86 

19     1 

o 

2      > 

15 

Black  Tartarian 

28       • 

8 

3.6 

0.65 

7      8 

1 

1 

10 

Early  Yellow 

31       * 

11 

3.89 

0.79 

11    1    a 

2  5.* 

17 

Early  Poland 

30       ' 

•       11 

3.74 

0.92 

6  n 

4 

«■ 

«    '  4«» 

lA 

Poland 

Aug. 

28       ' 
9       • 

•  13 

*  22 

3.63 
3.33 

0.84 
0.9C{ 

10 

« 

s     as 

10 

Potato 

7     3    2 

*^  \^ 

21 

Chinese  Hulless 

July 

26       • 

3 

8    13 

4 

fi  '* 

23 

Pringle's  Excelsior   .... 

.« 

20       • 

4 

3.68 

0.77 

7     2 

1 

ID      4« 

24 

RuMt  Proof 

*i 

26       • 

*       11 

3.26 

0.45 

8     8     2 

4 

28 

South  Carolina  Black  .    .    . 

■  1 

20      • 

*       22 

3.8 

0.75 

11    13  1  3 

i      345 

31 

Clydesdale 

«f 

26       • 

3 

3.53 

0.88 

7    10     2 

3      4T 

32 

Colorado  Yellow 

Aug. 

9       • 

•       22 

3.75 

0.85 

12     3     2 

12    ,« 

34 

Austrian  No.  2 

luly 

22       ' 

•       11 

3.02 

0.8 

8    12     2 

11  ;«) 

:J5 

American  Beauty 

M 

22      ' 

*       11 

3.8 

0.85 

9     2     3 

O.-T    ».S 

39 

Black  Champion 

«< 

28       • 

*       11 

3.27 

0.6 

7           2 

T  ;* 

40 

Monarch 

•  t 

28       * 

'       22 

3.87 

0.81 

9      12 

6      > 

42 

Race  Horse 

«l 

2«      * 

*       11 

3.60 

0.72 

9      112 

6    1  4] 

44 

Swiss  Black 

<< 

20       • 

•       22 

4.0 

0.7 

13     2     3 

14    '» 

45 

Victoria 

t* 
•  ( 
44 
4« 

20       • 
28       • 
20 
20      ; 

8 
8 

•  22 

•  22 

•  22 

4.0 

3.74 

3.6 

3.7 

3.52 

0.85 
0.73 
0.55 
0.65 
0.86 

9    10     3 

8    13     2 

13    L5     3 

13    11  1  3 

6      9  11 

4       413 

4A 

Hopetown 

13    '  > 

47 

Waterloo 

K      » > 

49 

Silesian 

9    le 

50 

Golden  Giant 

15     3r.3 

51 

Orient 

«4 

44 

28       ' 
26       ' 

•       11 

22 

3.7 
3.48 

0.7 
0.74 

8      4     1 

6    ! 

52 

Lost 

10     6 

2 

3    '*^ 

fii 

Improved  American.  .   .   . 

«4 

28       * 

8 

3.99 

0.82 

10      8 

3 

3  5  #5 

54 

Hargctt's  White 

44 

20     A 

us.   90 

3.36 

0.72 

5    13 

1 

13    i41 

55 

Excelsior 

«» 
(4 
4< 

26     S< 

20       • 

8     A 

spt.    8 

3 

ug.  25 

3.01 
3.77 
2.2 

0.68 
0.75 
0.32 

8      4 

* 

US 

54t 

Highbred 

9    14     4 
3    14     1 

4      « 

5« 

Cape 

11      3* 

% 

Algerian 

«i 

28     O 

ct.      7 

3.5 

0.6 

4      6     1 

I    i£ 

■ 

1 

Variety  Testa  of  Wheat,  Oats  and  Barley. 
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Table  VU.—Oa/s,  i8g8. 

This  gives  the  results  of  the  first  year's  trial  of  Professor  Blount's  collection  of  oats. 
The  varieties  reported  on  in  Tables  V  and  VI  were  originally  from  Professor  Blount,  but  the 
varieties  reported  in  the  following  table  were  grown  from  seed  selected  by  him  personally 
and  furnished  gratis  to  the  Station.  One  row  ten  feet  long  of  each  variety  was  planted. 
The  rows  were  20  inches  apart 


o 


1 
•> 

a 

4 
5 

6 

0m 
t 

H 
9 
10 
11 
12 
13 
U 

10 

i: 

IH 
20 
21 
22 
23 
24 
25 
26 
27 
2H 
29 
30 
31 

:e 

33 

34 

35 

36 

37 

:)8a 

38b 

:» 

40 

41 

43 

43 

44 

45 

46 

47 

48 

40 

50 

51 

52 


NAME 


White  Dutch 

Board  of  Trade  .    .    .    , 

Australian 

Black  American.  .    .    , 
Pringle's  HuUess  .   . 
'•         No.  6  ...   . 

No.  4.   .   .   . 

No.  «.   .   . 
Belgio-Russian  ... 

Schoenon , 

Russian  Black  .   .    .    , 

Alexander , 

New  Zealand  .   . 
White  Russian  .   .    .   . 
Black  Tartarian.  .    .    , 
Early  Yellow  .... 
Early  Poland.    .  .   .   , 

Poland 

Early  Angus 

Chinese  HuUess  .   . 

Triumph 

Pringle's  Excelsior   . 

Rust  Proof 

White  Eureka 

Welcome , 

Novelty 

South  Carolina  Black. 
Golden  Sheaf.    .    .   . 

Probsier 

Clydesdale 

Colorado  Yellow  .  . 
Austrian  No.  t  .  .  . 
'\  No.  2  .  .  . 
American  Beauty.  . 
Burpee's  Welcome  . 
Bohemian 


Black  Champion 
Monarch  .... 

Dakota 

Race  Horse.  .  . 
Canadian.  .  .  . 
Swiss  Black.    .    . 

Victoria 

Hopetown.  .  .  . 
Waterloo  .... 

Harris 

Silesian  .... 
Golden  Giant.    . 

Orient 

L<»t 


•o 

V 

(4 

s. 

JC 

b 

V 

V 

^ 

•rf 

c« 

c« 

G 

•    Q 

July 

12 

Aug. 

15 

•< 

12 

•  • 

15 

•< 

10 

•. 

15 

«• 

14 

<« 

Zi 

.1 

\» 

<f 

19 

«t 

23 

tk 

27 

>« 

23 

Sept. 

2 

•( 

23 

1, 

9 

«4 

23 

Aug. 

27 

it 

28 

•< 

27 

<. 

19 

4> 

27 

»< 

10 

(1 

29 

•  • 

14 

tt 

15 

»• 

23 

Sept. 

« 

%* 

23 

Aug. 

31 

Sept. 

6 

*% 

19 

Aug. 

15 

tt 

IK 

Sept. 

6 

it 

23 

Aug. 

31 

t< 

19 

tt 

23 

<• 

2H 

Sept. 

6 

il 

12 

Aug. 

19 

u 

5 

■t 

15 

«> 

19 

ft 

27 

ftft 

19 

it 

16 

»< 

23 

Sept. 

6 

<t 

5 

Aug. 

15 

•  t 

10 

tt 

27 

■  » 

19 

tt 

29 

(• 

12 

•ft 

15 

»k 

19 

Sept. 

6 

« 

19 

Aug. 

31 

<' 

12 

tt 

17 

<< 

14 

ii 

19 

<t 

19 

t> 

2:^ 

4t 

19 

<• 

27 

«» 

19 

tft 

27 

•  > 

2:^ 

t 

27 

«l 

23 

•< 

29 

»• 

23 

tt 

12 

>< 

19 

%* 

2:^ 

•  • 

19 

Sept. 

2 

tt 

19 

Aug. 

29 

** 

28 

Sept 

12 

<« 

14 

Aug. 

16 

•  • 

23 

.t 

29 

t  < 

J9 

i« 

27 

Tune 

30 

tt 

15 

}uly 

19 

ti 

16 

•  i 

28 

Sept. 

12 

■• 

28 

•  • 

6 

<t 

28 

■  t 

6 

'Z 

X 


feet 

3.29 

3.3 

3.29 

3.03 

3.0 

3.31 

3.06 

4.24 

3.29 

3.1 

3.3 

3.28 

3.21 

3.68 

3.03 

3.22 

3.28 

3.55 

3.72 

3.3 

4.04 

3.27 

2.82 

3.27 

3.31 

3.55 

3.05 

3.31 

3.3 

3.31 

4.04 

4.27 

3.31 

3.28 

3.31 

3.32 

4.0 

3.31 

3.67 

4.5 

4.0 

4.03 

4.07 

4.01 

3.58 

4.08 

3  05 

2.157 

3.75 

3.97 

4.24 

3.75 


t* 

A 

*ta 

O 

C 
M 


feet 
1.03 
0.94 
0.88 
0.67 
0.68 
0.63 
0.82 
1.08 
0.84 
0.81 
0.75 
0.75 
0.88 
0.98 
0.73 
0.82 
0.88 
0.7 
0.95 
0.78 
0.78 
0.?2 
0.49 
0.?2 
0.88 
0.88 
0.63 
0.85 
0.8 
0.79 
0.73 
0.72 
0.9 
0.86 
0.91 
0.91 
0.76 
0.85 
0.76 
0.92 
0.75 
0.88 
0.82 
0.84 
0.72 
0.?i 
0.77 
0.54 
0.88 
12 
95 
75 


.r  o 
2- 

oo 
.SI  2  I 


oz. 
6 

8 


5 


» 

4.5 
13.5 
10.5 

6 
13 

13 
15 

9 

3 
10 
11.5 

6 

11 

4.5 

8.5 

5 

11.5 
17 

7.5 

8 

10.5 
16.5 
15 

9.5 
14 
19 
13 
13 

7 

9 
20 
13.5 
15 

5 
12 
14 
17 
12 
12 
14 
13.5 

6.5 

8 

5 

10.5 
11 


lbs. 
39.5 

38 

:i2.5. 

40 

35.5 

36 

:i5.5 

37 

37 

37 

:tf 

38.5 

37.5- 

34.5 

30.5. 

36 

X) 

35.5 

47 

35 

40.5 

37 

38 

41 

34.5 

3() 

39.5 

30 

41.5 

37.5 

38.5 

41.5 

39 

41.5 

40 

37 

38 

33.5 

37 

:».5 

38 

30 

36 

3s 

37 

36.5 

29 

36 

35 

37 

34.5 


36 
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Table  VII  (Continued).— (7^/5,  /8q8. 


o 


63 

55 
."Va 
,57 
58 
,50 
02 
tS3 
d5 
G6 
i» 

71 
72 
74 
74 

75 

2! 

77 

78 


NAME 


Improved  American 
Hargctt's  White.    .   . 

Excelsior 

Highbred 

Algerian  No  1    .    . 
No.*  2  .   .    . 

Cape 

Tasmanian 

Foxtail 

Farrcr 

Algerian 


•o 
a 

V 


Si. 

C 


July    23 

*•       19 

14 

••       L5 

•'       12 


5 


June   30 

July     23 

••        14 


5 


10 
10 
12 
10 
10 
10 
Z\ 

2a 

23 


14 

Q 


Aug.  27 
16 

•*  16 

"  16 

"  27 

•'  16 
16 

Sept.  6 

Aug.  16 

♦■  16 

'•  16 

"  16 

•♦  20 

'•  31 

"  20 

'•  29 

Sept  2 


ti 


2 

9 


"5 


feet 

3.88 

3.75 

3.(V5 

3.55 

3.75 

3.11 

2.44 

4.14 

3.75 

3.1 

3.25 

3.01 

3.33 

3.44 

4.31 

3.(N 

3.85 

4.17 

4.5 

4.75 

4.44 


rs 

c 


0. 
0. 


o.r>5 

0.63 
75 
.0 
0.73 
0.81 
0.:iQ 
0.91 
0.78 
0.85 


.r  o 


e£ 

-a  E 

c 

Tt  o 

V 

■  !!•  k 

^ 

>*• 

feet 

<»2 

0.77 

16 

0.92 

10. 

0.92 

7 

0.94 

8. 

0.82 

15 

0.72 

< 

0.43 

3 

0.96 

10 

0.68 

9 

o.:j7 

0.57 

8 

5 


5.5 
15 
16 

4 
19 

17.5 
16 
16 
12 

7.5 


SC 

'5 


Its. 
36.5 
40 
37 
.> 
39 
31 
30 
35 
375 
33.5 
31  5 
275 
34.5 
37 
21) 
37.5 
37.5 
».5 


z\ 


Tahle  VIII.  —  Oats,  rSgg. 

This  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Tabic 
VII.     One  row  10  feet  long  of  each  variety  was  planted.    The  rows  were  20  inches  apart 


1 

' 

it 

NAME 

"SC 

:        X 

u 

•£ 

V 

b 

fit 

tic 

r!> 

•rf 

e 

o 

(S 

u 

t. 

•*  ^  * 

^ 



X 

"5 

1 

/ert 

/ert 

fi. 

1 

White  Dutch 

July 

28 

Sept. 

8 

2.8 

0.85 

6 

2 

Board  of  Trade  . 

1 

24 

< . 

8 

2.5 

0.62 

6  5 

3 

Australian    .    .    . 

1              «4 

24 

•  « 

8 

2.85 

0.8 

6 

4 

Black  American. 

24 

•  1 

8 

2  8 

0.7 

10 

5 

Pringle's  HuUcss 

20 

Aug. 

29 

2.7 

0.6 

S 

6 

No.  6  . 

20 

Sept. 

8 

3.0 

0.6 

11.5 

7 

No,  4 

24 

ki 

8 

3.0 

06 

10  5 

8 

No.  6 

24 

•( 

8 

3  28 

0.8 

11.5 

0 

Belgio-Russian  . 

24 

< 

8 

3.25 

0.7 

12 

10 

Schoenon.    .    . 

24 

«i 

8 

3.26 

07 

12.5 

11 

G|,ussian  Black 

• 

20 

Aug. 

30 

3.2 

07 

11 

12. 

Alexander   .    . 

20 

Sept. 

8 

3.4 

06 

175 

13 

New  Zealand  . 

30 

Aug. 

28 

3.1 

0.8 

10 

14 

White  Russian 

28 

Sept. 

8 

3.5 

0.8 

155 

15 

Blaqk  Tartarian. 

28 

•• 

8 

3.0 

0.«> 

12 

16 

Early  Yellow  .    . 

•• 

8 

3.0 

O.M 

14 

Variety  Tests  of  Wheat,  Oats  and  Barley. 
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Tbble  VIII  (Continued). — Oats,  iSgp. 


NAME 


c 
Z 


17 
IK 
20 

2i 

«*) 

M« 

23 
34 
25 
26 
27 

29 
30 
31 

\a 

33  j 
31  ! 

as  < 

36  1 
371 
38ai 
38bi 
30  ' 

40  I 

41  I 
4-3  I 
^1 

«| 

46  I 

47  1 

4*^1 
411  I 

<jl  1 

54 

S3  ! 

16 

416 

es 

69 
71 
72 

r3 

74 
ra 
76 

r? 

7» 


Early  Poland  .... 

Poland 

Early  Angus   .... 
Chinese  Hulless    .    . 

Triumph 

Pringle's  Excelsior  . 

Rust  Proof 

White  Eureka.  .    .    . 

Welcome 

Novelty 

South  Carolina  Black 
Golden  Sheaf.    .   .   . 

Probster   

Clydeitdale 

Colorado  Yellow  .  . 
Austrian  No.  1  .  .  . 
"  No.  2  .  .  . 
American  Beauty  .  . 
Burpee's  Welcome  . 
Bohemian 


V 


July    24 


20 


Black  Champion   .   . 

Monarch 

Dakota 

Race  Horse 

Canadian 

Swiss  Black 

Victoria 

Hopetown 

Waterloo 

Harris 

Silesian 

Golden  Giant.    .   .    . 

Orient 

Lost 

Improved  American, 
Hargeti's  .White.  .    . 

Excrlsiar 

Highbred 

Algerian   No.  1  .    .    . 
No.  2  .   .    . 

Cape 

Tasmanian 

Foxtail 

Farrar 

Algerian 


.4 

•  • 


u 

•  i 
u 
<« 

it 

ft 


•t 

•  4 
«« 
It 

•  « 


30 
24 
24 
24 
24 
20 
20 
24 
24 
20 
20 
20 
24 
24 
20 
20 
28 
24 

28 


<( 

24 

•  < 

99 

4t 

24 

t< 

24 

t( 

20 

•  • 

14 

.4 

20 

28 

24 
24 
24 

20 
24 
16 
14 

28 
20 
14 
28 
20 
28 

28 
24 
20 
20 
24 
24 
24 


V 


•o 

eg 

X 

"o 

JS 

a 


e  **• 
=  O 


5)  V 
oo 


S23 


3.26 

feet 

oz. 

Sept.  8 

0.7 

10 

8 

3.26 

0.65 

12.5 

8 

3.26 

0.76 

12 

Aug.  22 

3.0 

0.65 

5 

Sept.  16 

3.5 

0.9 

8 

Aug.  22 

3  1 

0.6 

3.5 

Sept.  8 

3.5 

0.75 

12 
15 

8 

3.26 

0.9 

13.5 

8 

3.0 

0.46 

11 

Aug.  28 

3.0 

0.6 

15 

"   27 

3.2 

0.6 

9.5 

Sept.  8 

3.5 

0.6 

18 

8 

3.59 

0.75 

10 

8 

3.26 

0.6 

15 

8 

3.26 

0.65 

17 

8 

3.26 

0.7 

15.5 

8 

3.0 

0.8 

12 

8 

3.0 

0.7 

9 

Aug.  28 

3.1 

0.8 

10 

30 

3.0 

0.6 

12.5 

Sept.  8 

3.0 

0.65 

13 

8 

3.0 

0.65 

10 

••   16 

3.26 

1.0 

7 

8 

3.6 

0.8 

10.5 

8 

3.26 

0.65 

14.5 

8 

3.4 

0.7 

18 

'•   16 

3.5 

0.9 

6 

8 

3.5 

0.9 

14 

8 

3.2 

0.6 

17 

8 

3.0 

0.65 

15 

8 

2.9 

4 

8 

3.0 

0.7 

13.5 

16 

3.4 

0.8 

11 

8 

3.5& 

0.7 

14 

8 

3.0 

0.7 

15 

8 

3.26 

0.65 

21 

8 

3.1 

0.85 

11 

8 

3.26 

0.7 

13.5 

8 

3.0 

0.7 

16 

Aug.  30 

3.1 

0.8 

22 

•'  30 

2.5 

0.4 

19 

"  28 

2.3 

0.35 

7 

Sept.  16 

3.5 

0.7 

10.5 

8 

3.1 

0.7 

12 

8 

2.4 

0.55 

20 

Aug.  16 

3.0 

0.55 

6 

Sept.  8 

3.0 

0.6 

16.5 

8 

3.0 

0.65 

18 

16 

3.5 

0.7 

10 

8 

3.59 

0.8 

13 

8 

3.45 

0.7 

19.5 

8 

3.26 

0.55 

23.5 

Aug.  28 

3.2 

0.6 

20 

Sept.  8 

3.5 

0.65 

16 

8 

3.26 

0.65 

18 

8 

3.26 

0.65 

%\ 

(4)— 
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Wyoming  Experiment  Station. 


Table  IX. — Barley,  i8q6. 

This  gives  the  results  of  barley  grown  from  seed  furnished  by  Professor  Vestal  iif 
Mexico,  during  the  season  of  1806.     One  row  50  feet  long  of  each  variety  was  planted. 
rows  were  18  inches  apart. 


o 


1 

2 
4 

5 
« 
K 
9 
10 
11 
1\\ 
14 
15 
10 
17 
IH 
19 
20 
21 
22 
23 
24 
26 
27 
•28 
29 
32 
.'Ki 
:i4 
40 
41 
42 
46 
47 
48 


NAME 


^Smooth  Hulless  . 
Winnipeg  No.  1.  . 
*New  Zealand   .   . 

Chevalier 

•Winter  (6-rowed). 

Purple 

Melon 

Del  Norte 

Triumph 

Kilma 

Scotch  Annat.    .   . 

Black 

Palestine 

Animate 

(luymalye 

Manchurian.  .    .    . 

Prick's 

♦*Spring  (4-rowed), 

Eufurt 

Ncpaul 

Winter  (4-rowed)  . 
Sibley's  Improved. 

Mansury 

Adams'  Heavy  ..  . 
Sibley's  Pearl   .    . 

Berkley 

Zeochrit 

Perigerste 

Algerian  No.  2  .   . 
No.  3  .    • 

Battledore 

Himalaya 

Carter's  Priie.  ,  . 
Goldthorpe  .   .   .    . 


11 

6 
17 
25 
11 

6 
11 

9 
20 
11 
11 
11 
20 
25 

6 
25 
11 
13 
23 
11 
11 
17 
11 
11 
11 
11 
11 
23 

6 

6 
23 

6 
23 


s. 

X 

JC 

o 

tt> 

(V 

V 

C 

X 

Mt 

Aug. 

17 

2.2 

Sept. 

7 

2.5 

•f 

7 

3.7 

>t 

I* 
1 

3.45 

tt 

5 

2.61 

Aug 

25 

2.5 

(t 

31 

3.4 

« 

27 

2.8 

Sept. 

1 

3.65 

Aug. 

27 

2.7 

Sept. 

5 

3.36 

Aug. 

25 

2.7 

Sept. 

1 

3.35 

<• 

7 

3.6 

Aug. 

24 

2.5 

Sept. 

7 

3.4 

»• 

5 

3.0 

<« 

1 

3.0 

<« 

7 

3.2 

Aug. 

29 

3.2 

i« 

27 

3.26 

Sept. 

7 

3.4 

Aug. 

27 

3.1 

\* 

d4 

3.1 

tk 

24 

3.3 

•  • 

34 

3.5 

t( 

31 

3.26 

Sept. 

36 

Aug. 

31 

2.7 

•  • 

31 

2.3 

Sept. 

7 

3.4 

«< 

7 

2.5 

!• 

< 

3.6 

«* 

7 

3.4 

■a 
it 


U 

c 

V 


/€tt 

0.26 

0.28 


0. 
0. 


0. 
0. 
0. 
0. 


4 
4 

0.15 
0.16 
0.25 
0.23 
0.:i5 
0.325 
0.4 
0.36 
0.36 
4 
33 
45 
32 
0.3 
0.4 
0.33 
0.3 
0.3 
0.33 
0.3 
0.33 
0.32 
0.29 
0.4 
0.34 
0.22 
0.4 
0.2 
0.4 
0.27 


lbs. 

9 
10 
12 
14 
13 
13 
15 

8 

8 
13 
12 
11 

9 
14 

6 

14 

14 
11 
11 
11 
12 
14 

9 
14 
14 
10 
10 
1.5 

9 
17 
14 


«.  I  lbs. 

9  .  3 

8  I  4 

11  I  3 

14  4 

7  I  6 

1  I  5 


6 
1 
1 
6 

15 
3 

11 


6 
9 
8 
1 

11 
12 


6 

4 


\ 


12 
9 


5 
3 

4 
.*( 
4 
5 
3 
4 
3 


4 
4 

4 
4 
5 
6 


10  \  3 
5     5 


3 
6 


14     h 


5 

4 


ffM. 

2 

4 

12 
10 

i 

15 

6 

9 

5 

I 
10 
12 

H 


5    13 


2     4 

6i4 


14 

10 
6 

8 


5 
5 

10 

13 

10 

u 


t. 

64 
S* 
M.» 

32 

4'* 

53 
.tS 
51 
S* 

51 

33 

a> 

34 

'  ^ 

31 
.  51 

33 

!  S 

47 

:  rigs 

>  64S 


*Sced  not  obtained  from  the  New  Mexico  Station. 
♦♦Misnamed,  as  it  is  a  6-rowed  variety.     Part  of  crop  lost. 


Variety  Teats  of  Wheat,  Oats  and  Barley. 


39 


Table  X. — BarUy,  fSgy, 

This  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  eiven  in  Table  IX. 
One  row  50  feet  long  of  each  variety  was  planted.     The  rows  were  18  inches  apart. 
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1 
2 
4 

5 
7 
*< 
9 
10 
11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

26 
27 
» 
20 
H2 
33 
34 
40 
41 
42 
46 
47 
48 


NAME 


(0 


ft 

Q 


Smooth  Hulless J"ly 

Winnipeg  No.  1 

New  Zealand 

Chevalier 

Winter  (6-rowcd)  .... 

Purple 

Melon 

Del  Norte 

Triumph 

Kilma 

Scotch  Annat 

Black 

Palestine      

Animate 

(iuymalye .' 

Manchurtan 

Frick's 

Spring  (4-rowed] 

Eufurt 

Nepaul 

Winter  (4-rowedj   .... 
Sibley's  Improved,    .    .    . 

Mansury 

Adams'  Heavy 

Sibley's  Pearl 

Berkley 

Zcochrit 

Pcrigerste 

Algerian  No.  2 

No.  3 

Battledore 

Himalaya 

Carter's  Prize 

Goldthorpe 


V 

a 


(1 

Q 


20     Sept. 

10 

26 

20 

26 

10  • 

20  '  Aug. 

20     Sept. 

20        '^ 

13 

20  , 

20  , 

26, 

16 
22 

22 

26 

10     Aug. 

13     Sept. 

20 

'  Aug. 
20  Sept. 
20 
20 
26 
26 
20 
22 
10 
22 
26 


i 
3 

7 
11 

3 
30 

7 

7 


I 

I 

11 

I 


30 
7 
3 
1 

30 

3 

« 
i 

7 

i 

3 

7 

7 

7 

7 

11 


'S 

X 


feet 
2.6 
2.3S 
2.75 
4 
5 
4 

96 
2 
3.0 
2.3 
2. 55 
2.49 
2.65 
2.6 
2.0 
3.11 
2.9 
85 
9 

23 
0 


c« 

V 


2.85 

3.16 

2.5 

2.9 

2.65 

3.22 

2. ,58 

2.7 

2.5 

2.77 

2.2 

2.6 

2.6 


S  £  ^ 

•*-  .?  *»- 

O       1    *-  ej  O 
J-  O  *.  *- 

•Si       bc« 


feet 

0.275 

0.35 

0.3 

0.3 

0.15 

0.18 

0.26 

0.2 

0.28 

0.22 

0.37 

0.31 

0.3 

0.3 

0.275 

0.38 

0.28 

0.25 

0.4 

0.2« 

0.28 

0.26 

0.:i4 

0  28 

0.28 

0.27 

0.25 

0.3 

0.25 

0.12 

0.36 

0.2 

0.3 

0.4 


Ibt.  oz. 

8  12 

10  12 

11  2 

9  5 

8  13 
7  5 

10  11 

4  14 

13  15 

9  3 


10 
6 
0 

8 
6 


5 


9 
11 


6 
o 

8 
9 
9 


18  11 

8  13 

11  13 

17  8 

8  2 

10  2 


10 


6 
8 
4 
10    14 


6 
2 


6  14 

10  15 
5  6 
0  10 

11  7 


•5°       ' 

CI    ^  I 

^  I 

.Z.  k  o 

>,-  ^    I 

■I- 


I 


lbs.  oz.  I 
2      2     , 


4 
3 
4 
3 
2 
3 
1 
4 


3 
2 
2 
3 


5  ' 
0.5 
1.5 

8 
15    , 

7    I 

I     I 

10    1 


3      2 


14 

8 
11 
12 

6 


2 
1 
2 
2 
2 

2  15    I 

3  14 

3  15. 5i 

2  6 

2  3 

3  5 

1  2 

2  10 

1  12 

3  14 

2  8 

2 
o 


10 
9 
a 
6 
4 
4 


9 
Si 


JS 
Ml 


(B 

61.5 

55.5 

52.5 

47.5 

65 

51 

62.5 

49.5 

55.5 

53 

52.5 

55 


52.5 

64 

54 

54 

40 

55 

65 

47 

46.5 

52.5 

46.5 

52.5 

55 

55 

48 

47.5 

55.5 

65 

55 

54.5 


40 
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Table  XI. —  Barley,  /Sq8. 

This  gives  the  results  of  the  first  year's  trial  of  Professor  B I ount'«  colic*  tion  of  '•  flry*. 
The  varieties  reported  on  in  Tables  IX  and  X  were  originally  from  Professor  Klounf .  bv:  the 
varieties  reported  on  in  the  following  tabic  were  grown  from  seed  selected  by  him  per^'naLy 
and  furnished  gratis  to  the  Station.  One  row  10  feet  long  of  each  variety  was  pl.-»nr>^.  The 
rows  were  30  inches  apart. 
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2 

a 

4 

5 
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i 
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12 

la 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
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27 
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2tt 

ao 
ai 

32 

:» 
:i4 
:t5 
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41 
42 
46 
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4H 
40 
50 
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Smooth  Hullcss,  . 

Winnipeg  No    I.  . 

Nm  2.  . 

New  Zealand  .    .    . 

Chevalier 

Zealand 

Winter  (6-rowctl)   . 

Purple 

Melon 

Del  Norte 

Triumph 

Indian  No.  4   ■    .    . 

Ktlma 

Scotch  Annat  .    .    . 

Black 

Palestine 

Animate 

(juymalye 

Manchurian.       .    . 

Frick's 

Spring  (4-rowed}.  . 

Eufurt 

Nepaul 

Winter  (4-rowed)    . 

Phoenix 

Sibley's  Impro\ed, 

Vlansury 

Adams'  Heavv  .  . 
Sibley's  Pearl'.  .  . 
Sibley's  Purple  .    . 

Wales 

Berkley 

Zeochrit 

Pcrigerstc 

BlacK  (train.  .  .  . 
Algerian  No.  2  .  . 
Nfi.  a .  . 
Battledore  .  .  .  . 
Himalaya  .  .  .  . 
Carter's  Prize.  .  . 
Goldthorpe  .... 
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^ 

- 

XI 

il 

k. 

•^ 

^ 

■o 

X 

1 

r 

c« 
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^ 
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(« 

t« 

i> 
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%i 
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- 
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0.3 

11 

♦» 

.« 

q 
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17 
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lu 

f& 

•f 

5 

•  < 

16 

2.78 

(s:m 

14 
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4< 

12 

4« 

23 

2.ftV< 

0  29 
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52 

tl 

10 

i4 

31 

2  45 

>■ 

51 

•. 

19 

ft  • 

Z\ 

2.42 

0.35 

4«5 

ft 

33 

•  4 

31 

1.96 

0.2 

V2 

4> 

tl 

5 

•  t 

17 

2..« 

0.26 

■  • 

12 

4* 

17 

2.69 

0.2S 

\Z 

5i).5 

«• 

12 

«4 

17 

2  71 

0.2S 

1 
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•  • 

12 

4. 

17 

2  59 
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V2 
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•  t 

12 

ft* 

11 

2.79 

0.:t4 

:i 

4* 

<t 

12 

Ift 

Si 
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0.39 

«< 

:i3 

i< 

12 

•4 

23 

2.4« 
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! 

12 

.!•' 

•  « 

12 

44 

17 
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0.26 

»  » 
«> 
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«» 

14 

4ft 

ai 
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0.36 
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•  4 

19 

•  ft 

31 
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0  43 

12 

:>♦ 

•« 

2 

«4 

17 

2.^\ 

0.21 

IH 

«ir» 

t> 

19 

Sept. 

6 

2.67 

0.36 

4 

,T»t5 

•  4 

1 

12 

Aug. 

17 

2..X 

0.31 

15 

."tl* 

41 

12 

»• 

33 
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0.36 
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•  • 

19 

Sept. 

6 

2.77 
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4» 

4. 
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Aug. 

17 

3.0 

0.38 

11 

4: 

44 

12 

•ft 

17 
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0.4 
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17 
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4> 
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29 
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4« 

12 

44 

17 
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4a 

•4 

12 

Sept. 

2 

2.71 

0.3 

a 

5tl.5 

•• 

12 
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3.57 

0.:^ 
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>4 

19 

Sept. 

4 

2.93 

0.3 

."» 
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It 

12 

Aug. 

23 

2  71 

0.31 

.Vi..-; 

•4 
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0.31 
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4>.:» 
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0.3 
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^ 
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tt 
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0.17 

11     ' 
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•  ft 
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0.26 
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(• 
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If 
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Aug. 

23 
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0.26 
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.V« 

>f 
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44 

14 
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9 

3.03    1 
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•< 
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Variety  Tests  of  Wheat,  Oats  and  Barley. 
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XI. 


Table  XII. — Barley,  j8gg. 

lliis  gives  the  results  of  the  second  year's  trial  of  all  the  varieties  reported  in  Table 
One  row  10  feet  long  of  each  variety  was  planted.     The  rows  were  20  inches  Ions;. 


o 


NAME 


2*1 
3*1 

6*1 


Smooth  Hulless.  . 

Winnipeg  No.  1.  , 
No.  2.  . 

New  Zealand  .    . 

Chevalier 

Zealand 

8  I   Purple 

10*;  Del  Norte 

11*    Triumph 

12*1   Indian  No.  4  .    .    . 

W  i   Kilma 

\A      Scotch  Annat      .    . 

15  Black 

16  Palestine 

17  Animate 

^^<  I  Guymalye 

19  I   Manchurian.  .    .    . 

20  1   Prick's 

21  Spring  (4-rowcd),  . 

22  Eufurt 

2a  I  Nepaul 

24  I   Winter  (4-rowed)   . 

25  I   Phoenix 

26  I   Sibley's  Improved, 

27  Mansury 

2k  Adams'  Heavy  .  . 
29  I  Sibley's  Pearl  .  .  . 
;»  I  ••        Purple  .    . 

31   I   Wales 

;i2  '   Berkley 

;0  I  Zcochnt 

34  Perigcrste  .  .  .  . 
:i5       Black  Grain.  .    .    . 

40  Algerian  No.  2  .    . 

41  ••  No.  3  .  . 
A'Z  I  Battledore  .  .  .  . 
46   I    Himalaya.    .    .    .    . 

Carter's  Prize.   .    . 
Goldthorpe  .... 


47 

48 
49 
50 
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«• 
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<1 
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«t 
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ff 
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24 


20 

28 

20 

24 

28 

14 

24 

24 

24 

24 
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20 

14 

24 
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Table  XUl.^lVAni/,  iSg6. 

iThiK  gives  the  rcdidLs  from  «ecd  obtained  from  different  sources.     By  usine  the  Nev 
MeKioo'mimher  rcfoience  mav  be  made  to  Table  I  and  the  results  of  the  same  variety,  zrowQ 
frnm^New>Mexico  seed,  may  be  obtained.  One  row  50  feet  long  of  each  variety  was  plaoted 
The  rows.wrre'lH  inches  apart. 


NAME 


o 

0 


"Amethyst 
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u 

If. 


u 

u 

k. 
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Bearded  Oregon 
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Laramie 
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.Improved  Fife  .    .    . 


Judkin  .    . 

Missogen 
Niagara  . 


Norfolk  Red  No.  1. 
Northcote  Amber 
Nox 


Ontario 
Pctali   . 
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Pride  of  Americ.-*.  . 
Pringle's  Champion 
Red  Clawson.  .    .    . 

Red  Fern 

Red  Oregon  Club  . 
Rio  Grande  .... 

Ruby 

Russian   Hard  .    .    . 

Sardiu^i 

Sa'^katchewan  .    .    . 
Fife  . 

Scotch  Fife 

Scotch  of  Scotch.  . 
Seven  Head  .... 
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White  Australian  . 
While  Russian.  ,  . 
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Whittinclon  .... 
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Table  XIV.— Oofi.  iSp6\ 

This  giv»  the  niulu  Irom  seed  obtained  Irom  iitttxeni  >ouTce>.    BV  u^ing  ih<  N 
>nt«l.    The  rows  wire  18  Ln'ches  apart.     '        "  '  =        ■>     o    r*c     vine  )<  n 
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Table  XV. — Barley,  /8g6. 

This  gives  the  results  from  seed  obtained  from  different  sources.  Bv  usinji;  the  New 
Mexico  number  reference  may  be  made  to  Table  IX  and  the  results  of  the  same  variety, 
grown  from  New  Mexico  seed,  may  be  obtained.  One  row  50  feet  long  of  each  variety  was 
planted.    The  rows  were  18  inches  apart. 


NAME 


Bastian's  Six-Rowed 
Black . 
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Chevalier 


Excelsior 

Friclc's 

Frick's  Drought  Proof 
Golden  Grain   .... 
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Guymale 

Guy  Malaya 

Guy  Mayle.  .    .    .    .    . 

Highland  Chief  .    .    . 
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7  3.4  i0.4    13 

5  5 

2    1 

Laramie 

••      6 

«< 

72.4 

0.27  10 

5  4 

7    « 

Nevada 

"    23 

Aiig. 

313.1 
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3.0 
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Cryptogams  of  Wyoming. 


AVEN    NELSON. 


The  first  Report  on  the  Flora  of  Wyoming,  publish- 
in  May,  1896,  had  scarcely  more  than  a  reference  to  the 
cryptogamic  plants  of  the  state.      That  report  represent- 
ed only  two  seasons'  field-work,  devoted  almost  exclusively 
to  the  flowering  plants,  of  which  1,295  species  were  enum- 
erated.    Since  it  was  issued,  four  seasons'  field-work  has 
been  done,  increasing  so  materially  our  knowledge  of  the 
plants  of  the  state  that  said  report  most  inadequately  rep- 
resents what  is  known  of  our  flora.     This  is  true  both  of 
the  seed  and  the  spore  plants,  but  especially  of  the  latter. 
•    Never  in  the  history  of  Ro<*ky  Mountain  botany  has 
there  been  such  activity  as  during  the  last  half  decade. 
Field-work  has  been  prosecuted  bv  n^aTiy  collectors,  from 
Montana  to  New  Mexico.    Not  less  active  have  those  work- 
ers been  who  are  devoting  themselves  to  herbarium  work 
and  to  bibliographical  and  nomenclatural  studies.     As  a 
result  of  all  this  activity  our  publications  are  soon  out- 
grown and  new  editions  are  called  for  to  represent  the  ever 
increasing   collections   and   the   changes   in   nomenclature 
which  recent  studies  seem  to  indicate  as  essential  to  justice 
and  permanency. 

The  representation  of  Wyoming  plants  in  the  Rocky 
Mountain  Herbarium,  which  is  being  built  up  at  this  insti- 
tution, has  increased  to  such  an  extent,  both  in  respect  to 
the  number  of  species  and  the  localities  represented,  that 
nothing  short  of  a  new  report  will  adequately  represent  its 
present  status.  Such  a  report  may  not  be  undertaken  now 
as  regards  the  seed  plants  but  the  still  relatively  short  list 
of  spore  plants  is  herein  presented.     This  annotated  list, 
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it  i»  believed,  will  prove  of  interest  and  service  to  many. 

Unless  otherwise  stated  the  specimens  upon  which  thi3 
report  is  based  were  collected  by  the  writer.  With  the  ex- 
ception of  a  few  well  authenticated  species,  none  are  re- 
ported unless  represented  by  one  or  more  specimens  in  this 
collection  (The  Rocky  Mountain  Herbarium).  Among  the 
collections  included  of  which  we  have  no  specimens  are  the 
funjji  secured  by  Mr.  David  GriflSths,  in  comi)«ny  with 
Messrs.  T.  A.  Williams  and  L.  W.  Carter,  in  northeastern 
Wyominj*:.  the  list  of  which  was  published  in  Bull.  Torr. 
l!:ot.  (Mub,  Vol.  2(>  (1S99),  some  lichens  collected  by  Rob- 
ert Reuleux  in  Yellowstone  Park,  determined  and  published 
by  Dr.  Stezenberger  (Erythea  8:30),  and  some  miscellane- 
ous species  from  Hay  den's  Rixth  Annual  Report  (1873)  are 
also  included. 

For  the  determination  of  the  species  reported  in  this 
paper,  I  am  indebted  to  a  number  of  specialists  whose  nanaeg 
occur  in  connection  with  the  groups  represented.  The 
thanks  of  the  writer  is  extended  to  each  of  them  and  to  Mr. 
Elias  Nelson,  M.  A.,  who  has  greatly  assisted  in  the  prej^a na- 
tion of  the  manuscript. 

THE  ALGAE. 

No  special  effort  has  been  made  to  collect  the  algae. 
Much  material  selected  for  use  in  the  class-room  has  been 
located  generically  only.  The  list  of  algae  if  ever  enumer- 
ated will  be  a  long  one.  The  waters  of  the  state  represent 
the  very  extremes  of  temperature  and  of  salt  content.  I 
have  no  doubt  that  many  undescribed  species  exist  in  tlwf 
waters  of  our  numerous  alkali  lakes.  The  following  list 
represents  the  genera  that  have  been  noted  in  the  material 
Hsed  in  the  botanical  courses.  The  specific  determinations 
(where  given)  are  by  Prof.  DeAlton  Saunders,  except  in  Cha- 
ua,  which  is  bv  Dr.  T.  F.  Allen. 
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CI<ASS— DIATOM£A£. 

Diatoms  abound  in  all  of  our  waters.  Navicula,  Synedra,  Dia- 
toma,  Pinnularia,  etc.,  are  genera  well  represented.  The  specific  de- 
determinations  would  require  much  time. 

CLASS-  C  Y  ANOPH  YCE  A£. 

NOSTOCACEAE 

Nostoc  commune  Vauch. 

Very  plentiful  in  small  pools  on  ledges  of  rock:    Telephone  Can- 
.  on,  Albany  Co.,  April  28.  1897,  no.  2854. 

Anabaena 

This  genus  is  not  well  represented  though  one  or  more  species 
occur  in  spring  pools. 

OMIt'lL.L.AKlAL.lj:S. 

In  this  order,  the  family  Oscillarlaceae  is  represented  by  the 
following  genera;  Oscilllaria,  Lyngbya  and  Phcrmidium.  Some 
species  of  Oscillaria  met  with  in  laboratory  material  are  probably, 
O.  Nigra  Vauch.,  O.  Froelichii  Kuetz.  var.,  O.  graci  lima  Kiietz.  and 
O.  tenerrima  Kuetz. 

CLASS— CHLOROPHTCBAE. 

l*KUTOC'Ot;i  A  LiKS. 

This  order  is  represented  in  the  family  Protococcp.ceae  by  the 
genera,  Protococcus  and  Scenedesmus,  and  in  Hydrodlctyaceae  by 
Pediastrum. 

SIPHUMAL.IfiS. 

The  genus  Vaucheria,  family  Vaucherircrae,  is  represented  by 
a  species  which  is  probably  V.  germln?4ta  (Vauch.)  DC. 

i'U.\JlUATAliKS. 

DESMIDIACEAE. 

Closterium  acerosum  (Schrank)  Ehrh. 
Laramie,  Nov.  3,  1898,  no.  5360. 
Many  other  species  in  this  genus  occur  in  abundance. 

Cosmarium  sp. 

Plants  belonging  to  this  genus  have  been  observed  at  several 
times. 

MESOCARPACEAE. 

JMEougeotia  scalaris  Hass. 

Big  Wind  River,  Fremont  Co.,  Aug.  10, 1894,  no.  5375. 
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ZYGNEMACEAE. 

Zygnema  insignis  Kuetz. 

Laramie,  Albany  Co.,  Oct.  13,  1896  no.  2810;   Nov.  7,  1898,  no. 
5373. 

Zygnema  leioBpermum  De  By. 

Laramie,  Albany  Co.,  Nov.  3,  1898,  no.  5368. 

Zygnema  spp. 

Species  of  this  genus  are  very  common. 

Spirogyra  orbicularis  (Hass.)  Kuetz. 

Common  in  the  creek:  Nez  Perces  Creek,  Yellowstone  National 
Park,  July  30,  1899,  no.  6239. 

Spirogyra  varians  (Hass.)  Kuetz. 

City  Springs,  Laramie,  Albany  Co.,  Apr.  9,  1898,  no.  4303. 

Spirogyra  spp. 

This  genus  is  well  represented.    A  considerable  number  .of  dif- 
ferent forms  have  been  observed. 

CU!VFKKV01UAL.1j:S. 

ULOTHRICHACEAE. 

Ulothrix  spp. 

Several  forms  belonging  here  have  been  observed. 

Conferva  abbreviata  Rab. 

Laramie,  Albany  Co.,  Oct.  24,  1896,  no.  2819;  City  Springs.  Not. 
3,  1898,  no.  5369. 

Conferva  bombycina  Ag. 

Laramie,  Albany  Co.,  Nov.  3,  1898,  no.  5364. 

CLADOPHORACEAE. 

Cladophora  fracta  Kuetz. 

In  alkali  ponds  and  lakes;  Laramie,  Albany  Co.,  Oct.  11,  1896, 
no.  2811;  Nov.  3,  1898,  no.  5363. 

Cladophora  fracta  horrida  Kuetz. 

Laramie,  Albany  Co.,  Nov.  3,  1898,  no.  5361. 

Cladophora  glomerata  Kuetz. 

Fish  Hatchery,  Albany  Co.,  Oct.  4,  1896,  no.  2808;  Laramie  Oct 
11,  no.  2813. 

CHAETOPHORACBAE. 

Of  this  family  the  following  have  been  observed:     a  species  of 
Chaetophora,  probably  C.  longipila  Kuetz.,  found  on  submerged  grass 
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caulms  in  a  meadow;  two  species  of  Stigeoclonlum,  probably  S.  ten- 
ue  Kuetz.  and  S.  fastlglatum  Kuetz.;  a  species  of  Draparnaldla. 

* 

OBDOGONIACEAB. 

Plants  belonging  to  the  genus  Oedogonium  have  been  tsollected 
a  few  times  at  Laramie. 


CUAKAl^US. 

CHARACEAE. 

Chara  contraria  A.  Br. 

In  a  pond:  Mammoth  Hot  Springs,  Yellowstone  National  Park* 
July  20,  1899,  no.  6022. 

Chara  foetida  A.  Br. 

Very  frequent  throughout  the  state  in  stagnant  pools:  Wind 
River,  Fremont  Ck>.,  Aug.  9,  1894,  no.  796;  Sundance  Creek,  Crook 
Co.,  July  6,  1896,  no.  2208;  Iron  Mt.,  Laramie  Co.,  Aug.  26,  no.  2738; 
Platte  River,  Laramie  Co.,  Aug.  27,  no.  2767;  Laramie,  Albany  Co., 
Sept.  7,  no.  2780. 

Chara  fragilis  Desv. 

In  the  warm  water  of  the  creek:  Nez  Perces  Creek,  Yellowstone 
National  Park,  July  30,  1899,  no.  6238. 


^  FHAl!:USI'OKAL.l!:». 

SYNGENETICACEAE. 

Hydmrus  foetidns  (Veil.)  Kirch. 

Fish  Hatchery,  Albany  Co.,  Oct.  4,  1896,  no.  2807. 

Hydrums  foetidus  occidentalis  Harv. 

Fish  Hatchery.  Albany  Co*,  Nov.  29,  1896,  no.  2836. 

CI.ASS— RHODOPHTCEAS. 

This  class  is  represented  by  one  species,  Batrachospermum  ge- 
latinosum  (L.)  A.  F.  Woods  (?),  of  the  family  Batrachospermaceae. 
order  Nemalionales. 
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THE  MOSSES.* 


JUNGERMANIACSAE. 

GhiloscyphaB  polyanthos  (L)  Corda. 

Submerged  in  mountain  brooks  and  alpine  lakes:  Centennial 
Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2706;  La  PlaU  Mines,  Aug.  28, 
1898,  no.  5230. 

Jungermannia  cordifolia  A.  W.  Evans. 

Wolf  Creek  Sheridan  Co.,  July  12,  1896,  no.  2321;  Centennial 
Hills  Albany  Co.,  Aug.  20,  1896,  no.  2706;  La  Plata  Mines,  Albany 
Co..  Aug.  29,  1898,  no.  5247. 

Af  AKCU  AAi  Tl  A  LiKS. 

MARCHANTIACEAB. 

Marchantia  polymorpha  L. 

On  moist  ground  in  woods:  Head  of  Green  River,  Uinta  Co., 
Aug.  25,  1894,  no.  1051;  Centennial  Valley,  Albany  Co.,  Aug.  18.  1895, 
no.  1748;  Wolf  Creek,  Sheridan  Co.,  July  12,  1896,  no.  2318. 

Frelssia  hemiaphaerica  (L )  Cogn. 

On  the  wet,  shaded  banks  of  the  lake:  Lewis  Lake,  YeKowstcne 
National  Park,  Aug.  21,  1899,  no.  6601. 

Gonocephalus  conica  (L.)  Dumoit. 

Lower  Flrehole  Basin,  Yellowstone  National  Park,  Aug.,  1872— 
Coulter. 

CLASS— MUSCI. 

SPUAUNALilfiS. 

SPHAGNACEAE. 

Sphagnum  acutifolium  Ehrh. 

Shoshone  Lakes,  Yellowstone  National  Park,  Sept.,  1872— Coul- 
ter. 

Sphagnum  flmbriatum  Wils. 

In  Great  beds  on  we*  bottoms;  Obsidian  Creek,  Yellowstone  Na- 
tional Park,  July  24,  1899,  no.  6118;  Sylvan  Geysers,  July  26,  no. 
6181. 


*I  wish  to  acknowledge  the  painstaking  care  in  the  deterxninatlsn 
of  the  Mosses  by  Prof.  John  M.  Holzinger  of  the  State  Normal  School 
at  Winona,  Minn.  Some  of  the  groups  were  submitted  by  him  to  other 
specialistB,  vis.,  Dr.  Cardot,  Dr.  True  and  others;  the  Hepatlcae  by  Dr. 
Underwood. 
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POLYTRICHACBAB. 

Pogonatum  alpinum  Roehl. 

Battle  Lake  Mt.,  Carbon  Co.,  Aug.  17,  1897,  no.  4225;  La  Plata 
Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5170,  Aug.  28,  no.  5233. 

Polsrtrichnm  commune  L. 

Yellowstone  National  Park:   Norris,  July  25,  no.  6144;   Sylvan 
Geysers,  July  26,  no.  6182. 

Polytrichum  gracile  Menz. 

Sylvan  Geysers,  Yellowstone  National  Park,  July  26,  1899,  no. 
6175. 

Polytricham  Jenseni  Hagen. 

Beaver  Lake,  Yellowstone  National  Park,  July  24,  1899,  no.  6131. 

Polytrichum  juniperinum  Willd. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2180:  Yellowstone  Na- 
tional Park;  Glen  Creek,  June  30,  1899,  no.  5596;  Yancey's  July  17, 
no.  5935. 

Polsrtrichum  juniperinum  alpinum  Schimp. 

La  Plata  Mines,  Albany  Co.,  Aug.  24,  1895,  no.  1830. 

Polytrichum  pilifemm  Schreb.   . 

1^  Plata  Mines,  Albany  Co.,  Aug.  21,  1895,  no.  1768,  Aug.  28, 
1898,  no.  5231;  Willow  Creek,  May  22,  1897,  no.  2919;  Lewis  River, 
Yellowstone  National  Park,  Aug.  9,  1899,  no.  6369. 

Polytrichum  sexangulare  Floerke. 

La  Plata  Mines  Albany  Co.,  Aug.  28,  1898,  no.  5232. 

Polytrichnm  strictum  Menz. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  nos.  2361  In  part, 
2363;  Wood's  Creek,  Albany  Co.,  Aug.  11  1896  no.  2071. 

MNIACEAE. 

Mninm  affine  Bland. 

Centennial  Valley  Albany  Co.,  Aug.  18,  1896,  no.  2670. 

Mninm  affine  mgicnm  Bruch  &  Schimp. 

Snake  Hiver,  Yellowstone  National  Park,  Aug.  12,  1899,  no.  6426. 

Mninm  cnspidatnm  Hedw. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  nos.  2366,  2376. 

Mninm  cnspidatnm  tenellnm  Kindb. 

Laramie  Hills,  Albany  Co.,  May  21,  1898  no.  4308. 
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Mnium  homum  L. 

La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  6171. 

Mnium  serratum  Laich. 

La  Plata  Mines,  Albany  Co.,  Aug.  26,  no.  6176. 

Mnium  subglobosum  Bruch  &  Schimp. 

Centennial  Valley,  Albany  Co.,  Aug.  19,  1895,  no.  1744;  CentennUl 
Hills,  Aug.  20,  1896,  no.  2702. 

Timmia  Austriaca  Hedw. 

Laramie  Peak,  Albany  Co.,  Aug.  8,  1895,  no.  1645;  Wolf  Creek, 
Sheridan  Co.,  July  12,  1896,  no.  2324;  Little  Goose  Creek,  July  16. 
no.  2364  In  part. 

Timmia  Austriaca  breTifolia  Ren.  &  Card. 

Cooper  Hill,  Albany  Co.,  Aug.  22,  1897,  no.  4265;  La  Plata  Mineft. 
Aug.  25, 1898,  no.  5174;  Tower  Falls,  Yellowstone  National  Park.  July 
16,  1899,  no.  5913. 

Aulacomnium  androgynum  Schwaegr. 

On  logs  in  deep  woods:  Yellowstone  National  Park;  Obsidian 
Creek,  July  24,  1899,  no.  6099;  Snake  River,  Aug.  12,  no.  6429. 

Aulacomnium  palustre  Schwaegr. 

Common:  Lincoln  Gulch,  Aug.  12,  1896,  nos.  2601,  2618:  Sheri- 
dan Co.;  Dome  Lake,  July  16,  1896,  no.  2417;  Little  Goose  Creek,  na 
2364  in  part:  Yellowstone  National  Park;  Druid  Peak,  July  12,  1899. 
no.  5795;  Nez  Perces,  Creek,  July  29,  no.  6232. 

Aulacomnium  papillosum  Lesq.  &  James. 

Centennial  Valley,  Albany  Co.,  Aug.  19,  1895,  no.  1746  in  part 

MEESIACBAE. 

Amblyodon  dealbatus  Beauv 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898  no.  4976  in  part. 

BARTRAMIACEAE. 

Bartramia  ithyphylla  Bird. 

La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5177. 

Philonotis  fontana  Brid. 

Centennial  Valley,  Albany  Co.,  Aug.  18,  1895,  no.  1756;  Wolf 
Creek,  Sheridan  Co.,  July  12,  1896,  no.  2317;  Wood's  Creek,  Albany 
Co.,  Aug.  11,  1896  no.  2588;  Obsidian  Creek,  Yellowstone  National 
Park,  July  22,  1899,  no.  6062;  Lewis  River,  Aug.  9,  no.  638L 
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Philonotis  fontana  alpina  Brid. 

Obsidian  Creek,  Yellowstone  National  Park,  July  24,  1899,  no. 
6110. 

Philonotis  Mohriana  Lesq.  &  James. 

Battle  Lake,  Mt,  Carbon  Co.,  Aug.  17,  1897,  no.  4202  In  part. 

BRTACEAE. 

Bryum  angustirete  Kindb. 

Cokevllle,  Uinta  Co.,  June  11,  1898,  no.  4656. 

£r3nuii  argentinm  L. 

Laramie,  Albany  Co.,  July  29,  1897,  no.  3454. 

Brynm  caespiticium  L. 

Wood's  Creek,  Aioany  Co.,  Aug.  9,  1897,  no.  3481;  Ft.  Bridger. 
Uinta  Co.,  June  8,  1898,  no.  4595;  Yellowstone  Lake,  Aug.  23,  1899, 
no.  6640. 

Bryam  cirrhatum  Hoppe  &  Hornsch. 

La  Plata  Mines,  Albany  Co.,  Aug.  28,  1898,  no.  5235;  Cumminb, 
Albany  Co.,  July  30,  1895,  no.  1538  in  part. 

Bryum  crassirameum  Ren.  &  Card. 

Ferr's  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4977. 

Bryum  inclinatum  Bruch  &  Schimp. 

Laramie  Hills,  Albany  Co.,  June  13,  1896,  no.  1928. 

Bryum  intermedium  Brid. 

Centennial  Valley,  Albany  Co.,  June  18,  1895,  no.  1263. 

Bryum  Oreganum  SuUiv. 

Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  nos.  2708,  2707  in 
part;  Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2416  in  part. 

Bryum  pendulum  Schimp. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  no.  2362;  Buffa- 
lo, Johnson  Co.,  July  25,  1896,  no.  2505;  Centennial  Valley,  Albany 
Co.,  Aug.  17,  1896,  no.  2654. 

Bryum  pseudotriquetrium  Schwaegr. 

Centennial  Valley,  Albany  Co.,  June  8,  1895,  no.  1259. 

Brjrum  torguescens  Bruch  &  Schimp. 

On  damp  ground  in  woods;  Druid  Peak,  Yellowstone  National 
Park,  July  12,  1899,  no.  5801. 

Bryum  turbinatum  latifolium  Schimp. 

Ferris  Mt.,  Carbon  Co.,  July  25,  1898,  no.  4978. 
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Leptobrynm  pyriforme  Schimp. 

Centennial  Valley,  Albany  Co.,  Aug.  18,  1895,  nos.  1717,  1723  in 
part;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2707  in  part; 
Wood's  Creek,  Aug.  11,  no.  2589  in  part;  Yellowstone  Lake,  Aug.  11, 
no.  2589  in  part;  Yellowstone  Lake,  Aug.  24,  1899,  no.  6645. 

FUNARIACBAE. 

Fuiiaria  hygrometrica  Hedw. 

Sheridan  Co.:  Wolf  Creek,  July  12,  1896,  no.  2322a;  Dome  Lake, 
July  16,  no.  2322. 

WEBERACEAE. 

Webera  albicans  Schimp. 

Centennial  Valley,  Albany  Co.,  June  9,  1895,  no.  1285;  North 
Vermillion  Creek,  Sweetwater  Co.,  July  17,  1897,  no.  3576;  Evanston. 
Uinta  Co.,  July  27,  1897,  no.  4128  in  part;  Battle  Lake,  Carbon  Co., 
Aug.  16,  1897,  no.  4180;  Hat  Six  Falls,  Natrona  Co..  Aug  7,  1898,  no. 
5035;  La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5248. 

Webera  cruda  Schimp. 

Centennial  Valley,  Albany  Co.,  Aug.  17,  1896,  no.  2657. 

Webera  nutans  Hedw. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2173  in  part;  Lincoln 
Gulch,  Albany  Co.,  Aug.  13,  1896,  no.  2629;  La  Plata  Mines.  Aug.  25, 

1898,  no.  5175;   Yellowstone  National   Park;    Trout   Lake.  July  14. 

1899,  no.  5846;  Beaver  Lake,  July  24,  no.  6124;  Upper  Geyser  Basin, 
July  31,  no.  6259. 

TORTULACEAE. 

Barbula  amplexa  Lesq. 

La  Plata  Mines,  Albany  Co.,  Aug.  28,  1898,  no.  5234. 

Barbula  mncronifolia  Bruch  &  Schimp. 

Cooper  Hill,  Albany  Co.,  Aug.  22,  1897,  no.  4995;  Cummins,  July 
30,  1895,  no.  1538  in  part. 

Barbula  Muelleri  Bruch  &  Schimp. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2181;  Hat  Six  Falls. 
Natrona  Co.,  Aug.  7,  1898,  no.  5034. 

Barbula  ruralis  Hedw. 

Near  Rock  Springs,  Sweetwater  Co.,  July  25,  1897,  no.  3598, 

Desmatodon  Porteri  James. 

Cummins,  Albany  Co.,  July  30,  1895,  no.  1538  in  part. 
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Leptotrichnm  flexicaule  Hampe. 

Tower  Falls,  Yellowstone  National  Park,  July  16,  1899,  no.  5912. 

Didymodon  mbellus  Bruch  &  Schimp. 

Head  of  Pole  CreeK,  Albany  Co.,  July  22,  1897,  no.  3438. 

DICRANACEAB. 

Gymnostomum  curvirostrum  Hedw. 

South  Butte,  Sweetwater  Co.,  July  13,  1897,  no.  3549. 

Dicranoweisia  cirrhata  Lindb. 

On  rocks;  Specimen  Ridge,  Yellowstone  National  Park,  July  15, 
1899,  ni.  5892. 

Dicranoweisia  crispula  Lindb. 

Sheep  Mt.,  Albany  Co.,  July  3,  1897,  no.  3312. 

Dicbodontium  Olympicum  Ken   &  Card 

La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no.  5178. 

Dicranum  Bonjeani  Pe  Not. 

On  dry  shaded  ground;  Beaver  Lake,  Yellowstone  National  Park, 
July  24.  1899,  no.  6125. 

Dicranum  neglectum  Jur. 

On  cliffs;  Yancey's  Yellowstone  National  Park,  July  17,  1899.  no. 
5936. 

Oeratodon  purpureus  Brid. 

Sheridan  Experiment  Farm,  Sheridan  Co.,  July,  1894,  no.  1211 
in  part;  Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2168;  Wood's 
Creek,  Albany  Co.,  Aug.  11,  1896,  no.  2589  in  part. 

Distichium  capillaceum  Bmch  <&  Schimp. 

Wolf  Creek  Canon,  Sheridan  Co.,  July  12,  1896,  nos.  2298,  2307, 
2315;  Bufialo,  Johnson  Co.,  July  25,  no.  2507  in  part;  Laramie  Hills, 
Albany  Co.,  May  31,  1898,  no.  4307;  La  Plata  Mines,  Aug.  25,  no.  5173; 
Druid  Peak,  Yellowstone  National  Park,  July  12,  1899,  no.  5803. 

Distichium  inclinatum  Bruch  &  Schimp. 

On  rocks,  Mammoth  Hot  Springs,  Yellowstone  National  Park, 
July  20,  1899,  no.  6026. 

GRIMMIACEAE. 

Bacomitrium  canescens  Brid. 

Nez  Perces  Creek,  Yellowstone  National  Park,  July  29,  1899,  no. 
6210. 

Bacomitrium  fasiculare  Brid. 

Jackson's  Lake,  Uinta  Co.,  Sept.,  1872 — Coulter. 
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Grimmia  alpestris  Schleich. 

Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2699. 

Qrimmia  apocarpa  Hedw. 

Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2416  in  part 

Qrimmia  calyptrata  Hook. 

Willow  Creek,  Albany  Co.,  May  22,  1897,  no.  2917. 

Grimmia  commutata  Hueben. 

La  Plata  Mines,  Albany  Co.,  Aug.  29,  1898,  no.  5243. 

Grimmia  conferta  Funck. 

Yellowstone  Valley.  Aug.  1872 — Coulter. 

Grimmia  Scouleri  Meull. 

Yellowstone  Valley,  Aug.,  1872 — Coulter. 

Sconleria  aquatica  Hook. 

Dome  Lake,  Sheridan  Co.,  July  16,  1986,  no.  2416  in  part. 

Encalypta  ciliata  Hedw. 

Sundance  Mt,  Crook  Co.,  July  3,  1896,  no.  2173  In  part. 

Bncalypta  rhabdocarpa  Schwaegr. 

Little  Goose  Creek,  tSheridan  Co.,  July  16,  1896.  no.  2361  in  i»rt; 
Telephone  Canon,  Albany  Co.,  Apr.  28,  1897,  no.  2855. 

Orthotrichum  cupulatum  Hoffm.  ? 

Willow  Creek,  Albany  Co.,  May  22,  1897,  no.  2918. 

Orthotrichum  laevigatnm  Zett.   ' 

Druid  Peak,  Yellowstone  National  Park,  July  2,  1899,  no.  5791. 

HYPNACEAE. 

Psendoleskea  oligoclada  Lindb. 

Centennial  Hills,  Albany  Co.,  Aug.  18,  1895,  no.  1724. 

Thnidium  Blandovii  (Web.  cS:  Mohr.)  Bmch. 

Centennial  Valley,  Albany  Co..  Aug.  19,  1895,  no.  1746  in  part; 
Centennial  Hills,  Aug.  20,  1896,  no.  2700. 

Leskia  n.  sp.  (?) 

Hat  bix  Falls,  Natrona  Co.,  Aug.  7,  1898,  no.  5036. 

Camptothecium  aaneum  (Nitt )  Lesq  &  James. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2166;  Hat^Six  Falls. 
Natrona  Co.,  Aug.  7,  1898,  no.  5039;  La  Plata  Mines.  Albany  Ca. 
Aug.  30,  1898,  no.  5265. 
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Gamptothecinin  Intescens  Bruch  &  Schimp. 

On  moist  ground.    Mammoth  Hot  Springs,  Yellowstone  Nation- 
al Park,  July  21,  1899,  no.  6041. 

Brachythecium  acutum  SuUiv. 

Centennial  Valley,  Albany  Co.,  Aug.  17,  1895,  no.  1698. 

Brachythecinm  rivulare  Bruch  &  Schimp. 

Albany  Co.:  Laramie  Peake,  Aug.  7,  1895,  no.  1622;  Centennial 
HUIs,  Aug.  20,  1896,  no.  2701;  Laramie,  Sept.  15,  1897,  no.  4283. 

Brachjrthecium  salebrosum  Bruch.  &  Schimp. 

Wood's  Creek,  Albany  Co.-,  Aug.  9,  1897,  no.  3480;  The  Thunder- 
er Yellowstone  National  Park,  July  13,  1899,  no.  5812. 

Brachythecium  Utahense  James. 

Centennial  Hills,  Albany  Co.,  Aug.  20, 1896,  nos.  2712  2716. 

Baphidostegium  recurvans  Lesq.  &  James. 

Lincoln  Gulch,  Albany  Co.,  Aug.  13,  1896,  no.  2628. 

Amblystegium  fllicinum  Lindb.  var. 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4976  in  part. 

AmMystegiTiinhygraphilTiin  Schimp.  (?) 

In  a  bog;  Yanceys*  Yellowstone  National  Park,  July  16,  1899,  no. 
5903. 

Amblystegium  Kochii  Schimp. 

Sundance  Creek,  Crook  Co.,  July  7,  1896,  no.  2233;'  Centennial 
Valley,  Albany  Co.,  Aug.  18,  1896,  no.  2671. 

Amblystegium  porphyrrhizum  Lindb. 

On  a  moist,  rotten  log;  Laramie  Hills,  Albany  Co.,  June  13,  1896, 
no.  1929. 

Amblystegium  serpens  Bruch  &  Schimp. 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4979  in  part. 

Amblystegium  varium  I.indb. 

Ferris  Mts.,  Carbon  Co.,  July  25,  1898,  no.  4979  in  part. 

Hypnum  aduncum  Hedw 

Cooper  Hill,  Albany  Co.,  Aug.  22,  1897,  no.  4266;  tt.  Bridger, 
Uinta  Co.,  June  9.  1898,  no.  4609;  Cokevllle,  June  11,  ud.  4624;  La 
Plata  Mines,  Albany  Co.,  Aug.  30,  1898,  no.  5262;  Obsidian  Creek, 
Yellowstone  National  Park,  July  24,  1899,  no.  6106. 

Hjrpnnm  aduncum  EneifELi  Schimp. 

Little  Laramie  River,  Albany  Co.,  Sept.  14,  1896,  no.  4294. 
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Hypnum  urcticum  Sommerf. 

Centennial  Hills,  Albany  Co..  Aug.  20,  1896,  no.  2704. 

Hypnum  callichroum  Brid.  (?) 

Evanston,  Uinta  Co.,  July  27,  1897,  no.  4128  in  part. 

Hypnum  capillifolium  Wamst. 

Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2408;  Wagon*  Hoand 
Creek,  Carbon  Co.,  Aug.  21,  1897,  no.  4262;  Evanston,  Jinta  Co., 
Aug.  31,  1897,  no.  4277. 

Hypnum  commutatum  Hedw. 

Union  Pass,  Fremont  Co.,  Aug.  12,  1894,  no.  1078. 

Hypnum  depressulum  Muell. 

Laramie,  Hills,  Albany  Co.,  June  13,  1896,  no.  1924;  La  Plato 
Mines,  Aug.  25,  1898,  no.  5172. 

Hypnum  ftlicinum  L. 

Green  Mt.,  Crook  Co.,  July  6,  1896,  nos.  2221,  2222. 

Hypnum  fluitans  L. 

Snake  River,  Yellowstone  National  Park,  Aug.  12,  1899,  no.  648S. 

Hypnum  hispidulum  Brid 

Beaver  Creek,  Weston  Co.,  July  30,  1896,  no.  2563;  Cooper  Hill. 
Albany  Co.,  Aug.  22,  1897,  no.  4296. 

Hypnum  laetum  Brid. 

Yellowstone  Valley,  Aug.  23,  1872— Coulter. 

Hypnum  palustre  Hedw. 

Battle  Lake  Mt.,  Carbon  Co.,  Aug.  17,  1897,  no.  4202  in  part 

Hypnum  plicatile  Lesq.  &  J^mes 

Cummins,  Albany  Co.,  July  29,  1895,  no.  1507. 

Hypnum  revolutum. 

Head  of  Pole  Creek,  Albany  Co.,  May  5,  1897,  no.  2861. 

Hypnum  stellatum  Schreb. 

Beaver  Creek,  Weston  Co.,  July  30,  1896,  no.  2556. 

Hypnum  symmetricum  Ren  &  Card. 

Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2416,  no.  2416  in  part 

Hypnum  uncinatum  Hedw. 

La  Plata  Mines,  Albany  Co.,  Aug.  29,  1898,  no.  5244;  Tower  FaUs, 
Yellowstone  National  Park,  July  16,  1899,  no.  5911. 

Limnobium  (?)  sp. 

Hat  6ix  Falls,  Natrona  Co.,  Aug.  7,  1898,  na.  5038. 
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STBRBODONTACEAB. 

Hylocominm  splejidens  Bruch  &  Schimp. 

Wolf  Creek  Canon,  Sheridan  Co.,  July  12,  1896,  no.  2806. 

Plagiothecium  Snllivantiae  Schimp. 

La  Plata  Mines,  Albany  Co.,  Aug.  29,  1898,  no.  6242. 

NECKERACEAE. 

OUmacinm  Americanum  Brid 

Centennial  Valley,  Albany  Co.,  Aug.  18,  1895,  no.  1724. 

Glimacium  dendroides  \N'eb.  «S:  Mohr. 

Upper  Canon  of  the  Madison  River,  Aug.,  1872 — Coulter. 

Fontinalis  antipyretica  Oregonensis  Ken.  &  c  ard.  (?) 
Lincoln  Gulch,  Albany  Co.,  Aug.  12,  1896,  no.  2619. 

Pontinalis  Duriali  Schimp. 

North  Vermillion  Creek,  Sweetwater  Co.,  July  17,  1897,  no.  8677 

Pontinalis  hypnoides  Hartm. 

Evanston,  Uinta  Co.,  May  29,  1897,  no.  3004;  Albany  Co.,  Aug. 
7,  1897. 

Pontinalis  Neo-Mexicana  Suliiv.  &  Lesq. 

Little  Goose  Creek,  Sheridan  Co.,  July  16,  1896,  no.  2371;  Buffa- 
lo, Johngon  Co.,  July  25,  1896  no.  2606. 

Pontinalis  Neo-Mexicana  Golumbica  Cardot. 

In  flowing  water;  Spring  Creek  Yellowstone  National  Park,  Aug. 
3.  1899. 

Pontinalis  nitida  Lindb. 

Moorcraft,  Crook  Co.,  July  8,  1896,  no.  2248. 

Hedwigia  ciliata  Ehrh. 

Shoshone  Lake,  Yellowstone  National  Park,  Sept.,  1872 — Coulter. 
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THE  FUNGI.* 

Dr.  Underwood,  in  his  recently  published  book,  Moulds. 
Mildews  and  Mushrooms,  gives  a  brief  summary  of  the 
work  that  has  been  done  upon  the  fungi  in  the  different 
states  and  countries  of  North  America.  Of  Wyoming  he 
writes  as  follows:  "Comparatively  little  has  been  done  in 
the  direction  of  local  study  of  fungi  in  this  state.  Profes- 
sor Aven  Nelson  has  collected  a  few  species  in  connection 
with  his  work  on  the  higher  flora  of  the  state,t  and  Prof. 
T.  A.  Williams  and  David  Griffiths  have  collected  largely 
the  parasitic  fungi  in  connection  with  other  work.  Most 
of  these  collections  are  as  yet  unstudied."  Little  as  has  been 
done  in  this  state  we  are  not  worse  off  than  some  of  the  oth- 
er and  much  older  states,  some  of  which  Dr.  Underwood 
designates  as  terrae  in<^gnitiie.  With  the  publilation  of 
the  present  list,  we  may  at  least  say  that  a  beginning  has 
Won  made. 

J'.iit  it  is  only  a  beginning.  A  region  of  100,000  sqaare 
miles  in  extent,  with  a  climate  varying  according  to  the 
conformation,  the  exposure  and  the  altitude  and  latitude 
of  the  land  represented  gives  a  flora  as  varied  as  its  topo- 
graphy. Unless  the  number  of  workers  in  this  field  is  vast- 
ly increased  it  will  be  many  years  yet  before  the  state  is 
measureably  well  known. 

The  fungi  parasitic  upon  the  higher  plants,  especial- 
ly upon  the  crop  plants,  are  always  the  first  to  receive  con- 
sideration. The  smuts,  the  rusts  and  the  mildews  attraci 
attention  by  reason  of  the  disastrous  effect  that  they  pro- 
duce in  the  garden,  the  orchard  and  the  field.  Those  that 
are  the  most  to  be  dreaded  usuaUy  find  their  way  into  new 
territorv  in  connection  with  the  introduction  of  their  nat- 


*For  the  determination  of  the  parasitic  fungi  we  are  indebted  to  Dr.  J.  6.  ElUis  of  Nm-fieid. 
N.  T^  while  the  few  species  of  woody  and  fleshy  forms  were  examined  by  Dr.  L.  M.  Ucderwaod 
and  Dr.  C.  H.  Peck,  respectively. 

fThe  statement  must  be  based  upon  and  have  reference  to  the  exceedingly  short  list  pal:- 
lished  in  Bulletin  28  ot  this  Station,  the  report  referred  to  above. 
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raJ  hoHts.  The  remarkable  immunity  that  this  state  has  so 
far  enjoyed  is  to  be  associated  with  the  climatic  conditions 
which  are,  in  a  measure,  unfavorable  to  the  development 
of  the  parasitic  fungi.  Those  which  are  epithytic  or  infect 
the  host  plant  through  its  external  tissues  are  not  particu- 
larly abundant  in  Wyoming.  These  need  for  their  highest 
development  a  moist,  warm  climate.  However,  a  number 
of  species  have  adapted  themselves  even  to  the  conditions 
that  prevail  on  the  arid  plains  as  well  as  to  those  of  the 
colder,  moist  mountain  regions.  These  are  of  interest  since 
they  show  that  even  our  climatic  conditions  must  not  be  ex- 
pected to  secure  for  our  crops  complete  immunity.  That 
class  of  endoparasiteSj  represented  by  the  smuts,  which  pass 
their  life  history,  in  large  part,  wholly  within  the  tissues 
of  the  host  may  become  as  troublesome  here  as  elsewhere. 


THE  FLESHY  FUNGI. 

Mushrooms,  toadstools,  etc.,  seem  to  be  very  abund- 
ant in  the  state  but  their  study  is  attended  by  almost  in- 
surmountable difficulties.  Only  collectors  realize  how  hard 
it  is  to  so  dry  specimens  as  to  preserve  them  and  yet  leave 
them  in  condition  for  study.  Such  plants  should  be  studied 
in  the  fresh  state,  but  this  is  also  nearly  precluded  with  us. 
They  are  a  product  found  almost  exclusively  in  the  woods 
and  as  such  collecting  grounds  are  from  30  to  50  miles  dis- 
tant and  only  to  be  visited  with  team  and  camp  outfit  it 
will  be  seen  that  fresh  specimens  for  the  laboratory  are 
hardly  to  be  considered. 

Because  of  the  difficulties  attending  their  study  no  lit- 
erature has  been  produced  especially  devoted  to  this  part 
of  our  flora.  What  is  known  is  so  widelv  scattered  in  all 
sorts  of  publications  that  access  to  such  information  is  dif- 
ficult and  implies  extensive  library  facilities.  Difficult  as 
it  is  to  bring  the  plants  to  the  laboratory  it  would  be  more 
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difticnlt  to  take  the  library  and  laboratory  to  the  plants. 
How  these  obBtacles  are  to  be  met  is  for  the  future  to  solve 
but  ill  the  meantime  this  much  is  known,  that  many  esca- 
lent  siKNMes  occur  in  the  greatest  abundance  in  our  Con- 
iferous forests. 

(Mavarias  of  the  most  delightful  flavor  are  met  with 
and  are  frec^l v  eaten  bv  manv  who  find  them  recommended 
by  this  fact  solely,  that  browsing  animals  (deer)  feed  upon 
them  unharmed.  If  one  may  take  this  as  a  safe  test  there 
are  among  the  Agarics,  the  Holeti  and  the  Lycojierdons 
many  other  species  worthy  of  our  acquaintanc^e. 

Besides  the  species  enumerated  in  the  following,  list 
of  fungi,  many  more  will  undoubtedly  be  found  when  the 
lower  altitudes  of  the  state,  as  yet  largely  unexplored,  shall 
have  been  carefully  worked. 

CLASS— PHTCOMYCETES. 
i'UHOMosroii  A  L.i«:s. 

ALBUGINACEAE. 

Albugo  Candida  (Pers.)  Kuntze, 

On  Thlaspi  glaucum;  Battle  Lake,  Carbon  Co.,  Au?.  16,  1^97 
uo.  4177. 

CLASS— ASCOMYCETES. 

EXOASCACEAE. 

Taphrina  Quercus  (Cke.)  K.  (S:  K. 

On  Quercus  macrocarpa;  Sundance,  Crook  Co.,  July  3.  1896,  no 

2167. 

PK  K 1 S  PU  K 1 A  ii  fclH. 

ERYSIBACEAE. 

Podosphaera  AUii  Oififiiths. 

On  Allium  brevistylum;  Williams  and  Griffiths,  Big  Horn  Mis. 
near  Buffalo,  Johnson  Co. 

Podosphaera  Oxyacanthae  ( I)  : )  l)e  H v .     . 

David  Griffiths:  on  Spiraea  lucida,  S.  Fork  Plney  Creek,  SheridaL 
Co.:  on  Prunus  demlssa,  S.  Fork  Plney  Creek;  on  Crataegus  rivu- 
larls.  Buttes. 
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Sphaerotlieca  Castagnei  Lev. 

Reported  by  David  Griffiths  from  Sheridan,  Johnson  and  Creek 
Counties,  on  eight  different  hosts. 

Sphaerotheca  Epilobii  (Link.)  De  By. 

On  Epilobium  adenocaulon;  David  Griffiths,  Buffalo,  Johnson  Co. 

Sphaerotheca  Hnmuli  (DC.)  Hurrill. 

On  Pedicularie  sp.;  Teton  Mts.,  Uinta  Co.,  Aug.  16,  1899,  no. 
6526:  also  by.  David  Griffiths,  on  Viola  Cadensis,  Buffalo,  Johnson 
Co.;  on  Geranium  Richardsoni,  Bear  Lodge  Mts.,  Crook  Co.;  on 
HumuluB  jjupulus,  Buffalo. 

Sphaerotheca  mors-uvae  (Schw.)  H.  &.  C. 

On  Ribes  lacustri;  David  Griffiths,  Buffalo,  Johnson  Co. 

Sphaerotheca  pannosa  (Wallr.)  Fr. 

On  Rosa  Woodsii;   David  Griffiths,  Ft.  McKinney,  Johnson  Co. 

Phyllactinia  suffulta  (Reb.)  Sacc. 

On  Amelanchier  ainifolia:  Sand  Creek,  Albany  Co.,  Aug.  8.  1896, 
no.  2049;  Laramie  Hills,  Albdny  Co.,  Sept.  13,  1899,  no.  6908:  on 
Betula  occidentalis;  David  Griffiths,  Ft.  McKinney,  Johnson  Co. 

Uncinula  Salicia  (DC.)  Wint. 

David  Griffiths:  on  Salix  sp.,  Buttes,  Crook  Co.;  on  Populus  bal- 
samifera,  Buffalo,  Johnson  Co. 

Microsphaera  Alni  (DC.)  Wint. 

On  Lonicera  giaucescens;  David  Griffiths,  Bear  Lodge  Mts., 
Crook  Co. 

Microsphaera  diifasa  C.  &.  P. 

David  Griffiths:  on  Vicia  Americana,  Buffalo,  Johnson  Co.;  on 
Glycyrrhiza  lipidota,  Buttes,  Crook  Co. 

Microspliaera  qnercina  (Schw  )  Bun-ill 

On  Quercus  macrocarpa;  David  Griffiths,  Buttes,  Crook  Co. 

Mierospbaera  Ravenelii  Berk 

On  LAthyrus  venosus;  David  Griffiths,  Bear  Lodge  Mts.,  Crook 
Co. 

Microsphaera  Vaccinii  C.  &.  F. 

On  Vaccinium  microphyllum;  David  Griffiths,  Buffalo,  Johnson 
Co. 


} 
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Erysibe  Gichoracearnm  DC. 

Common:  on  Hydrophyllum  occidentale,  Cummins,  Albany  Co. 
July  29.  1895,  no.  1516;  on  Grlndelia  sp.,  J.  Johnson's  ranch.  Albany 
Co.,  Aug.  8,  1897,  no.  3471a;  on  Prryocoma  lanceolata,  Laramie,  Al- 
bany Co.,  Sept.  6, 1898.  no.  5287;  on  Lapula  sp.,  Teton  Mts.,  Uinta  Co.. 
Aug.  16  1899,  no.  6495.  Also,  collected  by  David  GritBths  on  twein 
different  hosts  in  Sheridan,  Johnson  and  Crook  counties. 

Erysibe  communis  (Wallr )  Kr. 

Very  abundant  and  widely  distributed:  on  Geranium  ineisam. 
Pass  Creek,  Sheridan  Co.,  July  21,  1896,  no.  2475;  on  Lydodesmia  sp., 
Cabbria  Canon,  Converse  Co.,  July  29,  1896,  no.  2520;  on  TrifoHum 
longlpes,  Evanston,  Uinta  Co.,  July  28,  1897.  no.  3866a;  on  Lonicera 
involucrata,  Evanston,  July  27,  no.  4124;  on  Anogra  pallida,  J.  Jolin- 
son's  ranch,  Albany  Co..  Aug.  8,  1897,  no.  429?;  on  Chrysothamnus 
Vaseyi.  Laramie  Hills,  Albany  Co.,  Sept.  28,  1897,  no.  4301;  on  Poly- 
gonum aviculare,  Laramie,  Sept.  15,  1899,  no.  6889.  Also,  by  David 
Griffiths  on  seven  other  hosts  in  Johnson  and  Crook  counties. 

Erysibe  Galeopsidis  DC. 

On  Stachys  palustris:  David  Griffiths,  Ft.  McKinney,  Johnson 
Co. 

Erysibe  graminis  DC. 

On  Poa  nemoralis;  Grand  Encampment  Creek,  Carbon  Co.,  Aug. 
13,  1897,  no.  3983a;  David  Griffiths,  on  three  other  hosts  in  Johnson 
Co. 

PERISPORIACBAE. 

Dimerosporinm  Collinsii  (Schw.)  E.  &  E. 

On  Amelanchier  alnifolia;  Sundance  Mt.,  Crook  Co.,  July  3,  189C, 
no.  2172. 

Capnodinm  salicinum  A.  &  S. 

On  the  bark  of  living  Populas  tremuloides;  Willow  Creek.  Al- 
bany Co.,  May  22,  1897,  no.  2922. 

Lasiobotrys  Lonicerae  Kze. 

On  Symphoricarpos  sp.;  Evanston,  Uinta  Co.,  July  27,  1897.  na 

4112. 

CUCURBIT  ARIACEAE. 

Ottbia  morbosa  (ScH-a^  )  E.  &  E. 

On  Prunus  Americana;  Pass  Creek,  Sheridan  Co.,  July  21.  IW, 
no.  2492:  on  Prunus  demlssa;  Pass  Creek,  no.  2493. 
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SPHAERELLOIDEACEAE. 

Sphaerella  Fassiana  De  Not. 

On  Festuca  Kingii;    Sheep  Mt.,  Albany  Co.,  July  3,   1897,  no. 
3300a. 

Spliaeria  Conlteri  Peck. 

"Leaves  and  branchlets  of  pines;"  near  Yellowstone  Lake,  Aug. 
1872— Coulter. 

ASCOJLlCHlCNAJLlfiS.* 

CALICIACEAE. 

Acolinm  tigillare  (Ach.)  De  Not. 

On  dead  dry  wood;  Telephone  Canon,  Albany  Co.,  May  29,  1897, 
no.  2935. 

CLADONIACEAE. 

Stereocaalon  tomentosnm  (Fr.)  Th.  Fr. 

In  small  mats  in  pine  woods:  Lincoln  Gulch,  Albany  Co.,  Aug. 
13,  1896.  no.  2620;  Centennial  Hills,  Aug.  20,  no.  2690. 

Cladonia  cariosa  (Ach.)  Sprang. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2175. 

Cladonia  deformls  (L)  HotTm, 

On  moist  rotten  logs  in  the  woods:  Yellowstone  Park;  Glen 
Creek,  July  1,  1899,  no.  5616,'  Beaver  Lake,  July  24,  no.  6123. 

Olodonia  degenerans  Floerk. 

Obsidian  Creek,  Yellowstone  National  Park,  July  24,  1899,  no. 
6119. 

Cladonia  flmbriata  coniocraea  (Floerk  )  Wainio. 

Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2710;  Yancey's, 
Yellowstone  National  Park,  July  17,  1899,  no.  5932. 

Cladonia  flmbriata  simplex  (\\'eis.)  Wainio. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  nos.  2170,  2171;  Lincoln. 
Gulch,  Albany  Co.,  Aug.  12,  1896,  nos.  2607,  2608;  Battle  Lake,  Car- 
bon Co.,  Aug.  15,  1897,  no.  4167. 

Cladonia  gracilis  (L  )  Nyl. 

On  moist  ground;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896, 
no.  2711. 


*Thi8  list  of  Lichens,  though  not  exhaustive,  will  give  a  Xalr  notion 
of  the  prevailing  forms.  For  their  determination  we  are  under  many 
obllirations  to  Prof.  T.  A.  WiUiamB  of  the  Division  of  Agrostology  of  the 
U.   Sb  Department  of  Agriculture  . 
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Cladonia  pyxidata  (L.)  Fr. 

Centennial  Hills,  Albany  Co.,  Aug.  18,  1895,  no.  1749.  Aug.  20» 
1896,  no.  2711.;  Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2418; 
Sheep  Mt.,  Albany  Co.,  July  3,  1897,  no.  3310;  La  Plata  Mines.  -\ug. 
28,  1898,  no.  5229. 

Cladonia  sylvatica  (L.)  Hoiifm. 

Yellowstone  National  Park:  Norris,  July  25,  1898.  no.  S149; 
Artist's  Paint  Pots,  July  20,  no.  6167. 

Oladonia  verticillata  cervicornis  (Ach.)  Floerk  ? 

Upper  Geyser  Basin,  Yellowstone  National  Park,  July  31.  ISW, 
no.  6256. 

LECIDIACEAE. 

Lecidea  atrobrunnea  (L>.  C.)  Schaer 

Ferris  Mi.,  Carbon  Co.,  Nov.  16,  1897,  nos.  4286.  4287,  W.  C. 
Knight;  Dunraven  Peak,  Yellowstone  National  Park,  Aug.  27.  1899. 
no.  6729. 

Lecidea  enteroleuca  Fr. 

Bitter  Creek,  Sweetwater  Co.,  June  3,  1897,  no.  3112. 

Lecidea  speira 

Wamsutter,  Sweetwater  Co.,  June  4,  1897.  no.  31^1  a. 

Umbilicaria  polsrphylla  HoiTm. 

Shoshone  Lake,  Yellowstone  National  Park,  Sept.,  1872 — Coulter. 

Umbillicaria  rugifera  Ny). 

Ferris  Mts..  Nov.  16,  1897,  no,  4292,  W.  C.  Knight. 

Umbillicaria  vellea  (L.)  Nyl. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2174:  Yellowstone 
National  Park;  Gibbon  Meadow,  July  28,  1899,  no.  6193,  i'ellowsione 
Canon,  Aug.  24,  no.  6664. 

PHYSCIAC-'EAE. 

Binodina  oreina  (Ach.)  Mass. 

On  rocks;  Laramie  Hills,  Albany  Co.,  Jan.,  1896,  no.  2832  in  part; 
Ferris  Mts.,  Carbon  Co.,  July  24,  1898,  no  4965. 

Rinodina  turfacea  (Wahl.)  Koerb. 

Centennial  Hills,  Albany  Co.,  Aug.  17,  1895,  no.  1713. 

Placodium  cladodes  Tuck. 

Teton  Mts.,  Uinta  Co. — Coulter. 
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Placodinm  elegans  (Link.)  DC. 

Dome  Lake,  Sheridan  Co.,  July  18,  1896.  no.  2451;  Sheep  Mt, 
Albany  Co.,  July  3,  1897,  no.  3347;  Ferris  Mts.,  Carbon  Co.,  Nov.  16, 
1897,  no.  4291. 

Placodinm  elegans  tracliyphyllum  Tuck. 

Laramie  Hills,  Albany  Co.,  Jan.,  1896,  no.  2835;  Evanston.  Uinta 
Co.,  May  29,  1897,  no.  2985. 

Placoditun  falgens  trachyphyllum  Fuck. 

Laramie  Hills,  Albany  Co.,  May  15,  1897,  no.  2866. 

Placodlam  vitellinuin  (Ehrh.) 

On  rocks;  Laramie  Hills,  Albany  Co.,  May  15,  1897,  no.  2874. 

Physcia  hispida  (Schreb.)  Tuck 

Sheep  Mt.,  Albany  Co.,  July  3,  1897,  nos.  3349  b.,  3348;  Little  Lar- 
amie River,  July  4,  1897,  no.  3343. 

Physcia  stellaris  L. 

On  rocks:  Willow  Creek,  Albany  Co.,  May  22,  1897,  no.  2927: 
Telephone  Canon,  May  29.  1897,  no.  2934. 

Theloschistes  lychnens  (Ach.)  Tuck. 

On  dead  twigs  and  bark  of  trees:  Telephone  Canon.  Albany  Co.» 
Apr.  28,  1897,  no.  2857,  May  29,  no.  2933;  Centennial  Valley,  July  3, 
1897.  no.  3345;  Evanston,  Uinta  Co.,  May  29,  1897,  no.  3018. 

Theloschistes  polycarpus  (i-^hrh.)  Tuck. 

On  dead  twigs  and  bark  of  trees:  Albany  Co.:  Laramie  Hills, 
Jan..  1896,  no.  2834;  Willow  Creek,  May  22,  1897,  no.  2928;  Sheep 
Mt.,  July  3,  no.  3349  a:  Sweetwater  Co.;  Wamsutter,  June  4,  1897,  no. 
3131  b. 

PARMELIACEAE. 

Urceolaria  seraposa  (L.)  Nyl. 

On  gravelly  soil;  Willow  Creek,  Albany  Co.,  May  22,  1897,  no. 
292. 

Lecanora  calcarea  contorta  Fr. 

On  loose  stones;  Medicine  Bow,  Carbon  Co.,  June  5,  1897,  no. 
3144. 

Lecanora  chlorophana  (Wahl.)  Ach. 

On  rocks,  very  common:  Sundance  Mt,  Crook  Co.,  July  7,  1896, 
no.  2238;  Laramie  Hills,  Albany  Co.,  Jan.,  1896,  no.  2832  in  part;  Fer- 
ris Mts.,  Carbon  Co.,  Nov.  16,  1897,  no.  4288,  W.  C^  Knight;  Speci- 
men Ridge,  Yellowstone  National  Park,  July  15,  1899,  no.  5894. 
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Lecanora  coarctata  (Sm.)  Ach. 

"On  rockfi,  Yellowstone  Park" — Robert  Reuleux. 

Lecanora  fascata  (Schrad.)  Th.  Fr. 

On  rocks;  Ferris  Mts.,  Carbon  Co.,  Nov.  16,  na  4285  in  part.  W. 
C.  Knight. 

Lecanora  Hageni  Ach. 

On  dead  stems  of  shrub;   Wamsutter,  Sweetwater  Co.,  June  4, 
1897,  no.  3131  a. 

Lecanora  Haydeni  Tuck. 

Loose  on  the  ground  in  Laramie  Hills,  Albany  Co.,  May  10,  1S98, 
no.  4306. 

Lecanora  hypoptoides  Nyl. 

"On  dead  wood,  Yellowstone  Park" — Robert  Reuleux. 

Lecanora  muralis  (Schreb.)  Schaer. 

On  rocks;  Ferris  Mts.,  Carbon  Co.,  Nov.  16,  1897,  no.  4285  in  part 
(W.  C.  Knight),  July  24,  1898,  no.  4964. 

Lecanora  polytropa  illusoria  Ach.  ^ 

"On  rocks,  Yellowstone  Park" — Robert  Reuleux. 

Lecanora  mbina  (Vill.)  Ach. 

On  rocks:  Willow  Creek,  Albany  Co.,  May  22,  18^,  no.  2926;  J. 
Johnson's  Ranch,  Aug.  7,  no.  3472. 

Lecanora  mbina  opaca  Ach. 

On  rocks:  Bitter  Creek,  Sweetwater  Co..  June  3,  1897.  no.  3111; 
Sheep  Mt.  Albany  Co.,  July  3,  1897,  no.  3111;  Dunraven  Peak.  Yel- 
lowstone National  Park,  Aug.  27,  1899,  no.  6728. 

Lecanora  Schleicheri  (Ach.)  Nyl. 

On  gravelly  ground;  Willow  Creek.  Albany  Co.,  May  22,  1897, 
no.  2920. 

Lecanora  zanthophana  dealbatu  Tuck. 

On  rocks:  Sweetwater  Ca:  Oreen  River.  May  30,  1897,  no.  3037; 
Bitter  Creek.  June  3.  no.  3110;  Wanusutter,  June  4.  no.  3125:  Speci- 
men Ridge,  Yellowstone  National  Park,  July  15,  1899,  no.  5893. 

Parmelia  conspersa  (Ehrh.)  Nyl. 

Very  common  and  widely  distributed,  on  rocks:  Pole  Creek,  Al- 
bany Co.,  July  1,  1895,  no.  1387;  Sundance  Mt,  Crook  Co.,  July  7, 
1896,  no.  2237;  Ferris  Mts.,  Carbon  Co.,  Nov.  16,  1898,  no.  4290;  (W. 
C.  Knight),  July  24,  1898,  no.  4963;  La  Plata  Mines  Aug.  30,  1898,  na 
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5267;  Gibbon  Meadow,  Yellowstone  National  Park,  July  28,  1899,  no. 
6192. 

Parmelia  mollinacula  Ach. 

Loose  on  the  ground,  very  common  on  the  plains;  Laramie,  Al- 
bany Co.,  July  23,  1895,  no.  1429;  Red  Desert,  Sweetwater  Co.,  June 
3,  1897,  no.  3124. 

Parmelia  olivacea  aspidota  Ach. 

On  twigs  and  stems:  Albany  Co.;  Willow  Creek,  May  22,  1897, 
no.  2932,  Sheep  Mt.,  July  3,  no.  3308,  Centennial  Valley,  July  3,  no. 
3346. 

Parmelia  sarediata  (Ach  )  Ny  1. 

On  rocks;  Willow  Creek,  Albany  Co.,  May  22,  1897,  no.  2929. 

Parmelia  sazatilis  sulcata  (Tayl.)  N}  1. 

Sundance  Mt.  Crook  Co.,  July  3,  1896,  no.  2161. 

Parmelia  tiliacea  (Hoffm.)  Floerk. 

On  rocks;  Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2179. 

Cetraria  Islandica  Ach. 

On  moist  ground  under  stunted  spruce,  at  10,000  ft,  alt.;  La  Plata 
Mines,  Albany  Co.,  Aug.  29,  1898,  no.  5249. 

Cetraria  Jnniperina  Pinastri  Ach. 

Sundance  Mt.,  Crook  Co.,  July  3,  1896,  no.  2184. 

Cetraria  nivalis  (L.)  Ach. 

La  Plata  Mines,  Albany  Co.,  Aug.  28,  1898,  no.  5227. 

Everina  vnlpina  (L.)  Ach. 

Centennial  Valley,  Albany  Co.,  Aug.  17,  1895.  no.  1699:  Tellow- 
stone  Park;  Undine  Falls,  July  6,  1899,  no.  5689,  Dunraven  Peak, 
Aug.  27.  no.  6701. 

Alectoria  jnbata  Fr. 

Shoshone  Lake,  Yellowstone  National  Park,  Sept.,  1872 — Coulter. 

Usnea  barbata  hirta  Fr. 

Sundance  Mt,  Crook  Co.,  July  3,  1896,  no.  2162. 

VERRUCARIACBAE. 

Endocarpum  miniatum  (L.)  Schaer 

Laramie  Hills,  Albany  Co..  May  15,  1897,  no.  2870. 

PANNARIACEAB. 

Pannaria  bmnnea  (Sw.)  Mass. 

On  wet  ground;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no. 
2698. 
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Pannaria  Hypnarum  (Hoffm.) 

On  wet  ground;  La  Plata  Mines,  Albany  Co.,  Aug.  25,  1898,  no. 
5179. 

Peltigera  aphthosa  (L.)  HoPfm. 

On  moist  ground  in  woods,  very  common:  Albany  Co.:  Centen- 
nial Valley,  Aug.  18,  1895,  no.  1749,  Laramie  Peak.  Aug.  8.  1S9d.  no, 
1644,  Centennial  Hills,  Aug.  20,  1896  no.  2709:  Tower  Falls.  Yellow- 
stone National  Park,  July  16,  1899.  no.  5907. 

Peltigera  canina  (L.)  Hoffm. 

On  moist  ground:  Cummins,  Albany  Co.,  July  29.  1895.  no.  I9OS; 
Dome  Lake,  Sheridan  Co.,  July  16,  1896,  no.  2419. 

Peltigera  rufescens  (Neck.)  Hoffm. 

Druid  Peak,  Yellowstone  National  Park,  July  12,  1899.  no.  579S. 

HYSTERIACEAE. 

Hysterium  Pinastri  I>. 

"On  pine  leavee;"  "near  Yellowstone  Lake,  August  23."  l?7f— 
Coulter. 

PHAt'lUIAL.KS. 

PHACIDIACEAE. 

Rhytisma  salicinum  (Pers.)  Fr. 

On  Salix  sp.;  Sand  Creek,  Carbon  Co.,  July  26,  1898,  no.  49S3, 
On  Salix  arctica  petraea;  La  Plata  Mines,  Albany  Co.,  Aug.  2S,  ISSS, 
no.  5219. 

MOLLISIACEAE. 

Pseudopeziza  Medicaginis  (i  ib.)  s.h  r. 

On  Medicago  sativa;  Laramie  Experiment  Farm,  Albany  Co., 
bept.  14,  1898,  no.  5344. 

CENANGIACEAE. 

Cenangella  deformata  Hk. 

On  tne.bark  of  Juniperus  scopulorum;  Laramie  Hills,  Albanj 
Co.,  March  6,  1898,  no.  4300. 

HELVELLACEAB. 

Morchella  conica  Per«. 

In  moist  ground;  I^aramie  Albany  Co.,  May  31,  1897,  no.  2944. 
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CLASS— FUKGI  IMPBRFEOTI. 
Sl'MAIfiHUFillDAL.Kil. 

SPHAEROP^IDACEAE. 

Phyllosticta  ferax  K.  &  E. 

On  Lupinus  humicola;  Willow  Creek,  Albany  Co.,  July  1,  1898, 
no.  43S0. 

Ampelomyces  quisqualis  Ces. 

Reported  by  David  Griffiths  from  northeaatern  Wyoming^;  para- 
sitic on  species  in  several  genera  of  Erysibaceae  and  on  Oidium  spp. 
of  the  Moniliaceae. 

Septoria  Urticae  Desm. 

On  Lrtica  sp.;  Little  Laramie  River,  Albany  Co.,  July  4,  1897, 
no.  3342. 

LEPTOSTROMATACBAB. 

Piggotia  Negundinis  K.  &  K. 

On  Acer  Negundo;  Sundance  Creek,  Crook  Co.,  July  6,  1896,  no. 
2827. 

MO.ML.lAL.KS. 

MONILIACEAB. 

Bamnlaria  Bidalceae  £.  <&  E.  ** 

On  Sidalcea  Candida;  Cummins,  Albany  Co.,  July  29,  1895,  no. 
1^.68:  collecteo  but  once  before,  viz;  in  British  Columbia,  by  Dr.  Ma- 
coun. 

DEMATIACEAE. 

Hadrotrichum  Lupini  £.  &  K. 

On  Lupinus  humicola;  willow  Creek,  Albany  Co.,  July  1,  1898, 
no.  4380  a. 

Cladosporinm  myriosporum  K.  &  D. 

On  the  pods  of  Pisum  sativuns,  grown  on  the  Laramie  Experi- 
ment Farm,  Albany  Co.,  Aug.  20,  1896. 


t'STlL.A<>l!VAlil£S. 

ITSTTLAGTNACEAE. 

Ustilago  bromivora  Fisch. 

On  Bromus  spp.:  battle  Lake,  Carbon  Co.,  Aug.  16,  1897,  no.  4179; 
Xez  Perces  Creek,  Yellowstone  National  Park,  July  29,  1899,  no.  6218; 
Yellowstone  Lake,  Aug.  23,  jio.  6621. 
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Ustilago  Oaricis  DC. 

On  Carex  spp.:  Lincoln  Gulch,  Albany  Co.,  Aug.  12,  1896,  no. 
2604;  Centennial  Hills,  Albany  Co.,  Aug.  20,  1896,  no.  2687:  Battle 
Lake,  Carbon  Co.,  Aug.  16,  1897,  no.  4178;  Snake  River,  Yellowstone 
National  Park,  Aug.  12,  1899,  no.  6432. 

LKIDINA1.BS. 

MELAMPSORACEAE. 

Ohrysomyxa  Ledi  (A.  &  S.) 

On  Dedum  glanduiosum;  Sylvan  Geysers,  Yellowstone  National 
Park,  July  26,  1899,  no.  6176. 

Chryflomyxa  Pyrolae  (DC.)  Rostr. 

On  Pyrola  secunda;  La  Plata  Mines,  Albany  Ca,  Aug.  24.  1S9S, 
no.  5107. 

Cronartium  asclepiadeiim  Thesii  Berk. 
On  Comandra  pallida;  Medicine  Bow  River,  Carbon  Co.,  Aug.  20, 

1897,  no.  4267. 

Melampsora  farinosa  (Pers.)  Schroet. 

Very  common  on  Salix  spp.:  Cummins,  Albany  Co.,  July  29. 1S95. 
no.  1520;  Centennial  Valley,  Aug.  25,  1895,  no.  1864. 

MelanKpBorella  Cerastii  (Pers.)  Schrtr. 

On  Cerastium  arvense;  Green  Top,  Albany  Co..  June  29,  1S97.  no. 
3230:  on  Alsine  Baicalensis;  La  Plata  Mines,  Albany  Co.,  Aug.  2i 

1898,  no.  5102. 

Peridennium  elatinom  A.  &  S. 

On  Plcea  Engelmanni;  Battle  Lake,  Carbon  Co.,  Aug.  IS.  189T. 
no.  4244. 

PITCCINIACEAE. 

Uromyces  bicolor  K.  &  K. 

On  Allium  sp.;  Yancey's,  Yellowstone  National  Park.  July  17, 

1899,  no.  5920. 

Uromyces  Eiiogoni  FJI  &  Hnrk. 

On  Eriogonum  unbellatum;  Ferris  Mts.,  Carbon  Co.,  July  21 
1898,  no.  4952:  on  Eriogonum  brevicaule;  Wallace  Creek.  Natron* 
Co.,  July  30,  1898,  no.  5003. 

Uromyces  Erythronii  DC. 

On  Erythronium  grandiflorum;  Obsidian  Creek,  Yellowstone 
National  Park,  July  24,  1899,  no  6114. 
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Uromyces  Glycyrrhizae  Magnus 

Fremont  and  often  abundant  on  Glycyrrhiza  lepidota:  Pass 
Creek,  Sheridan  Co.,  July  21, 1896,  no.  2474;  Granger,  Sweetwater  Co., 
July  30,  1897,  no.  4136;  Gardiner  River,  Yellowstone  National  Park, 
July  19,  1899,  no.  5971. 

Uromyces  Fabae  (Pers.)  De  By. 

On  Vicia  sp.;  Bitter  Creek,  Sweetwater  Co.,  July  1897,  no.  3527. 

Uromyces  Junci  (Schw.)  Tul. 

On  Junci  (Schw.)  Laramie,  Albany  Co.,  Dec,  1895,  no.  1207. 

Uromyces  oblongisporus  £.  &  £. 

On  Artemisia  tridentata;  South  Butte,  Sweetwater  Co.,  July  13, 
1897,  no.  3546. 

Uromyces  Pisi  (Pers)  De  By. 

On  Vicia  sp.;  Evanston,  Uinta  Co.,  July  27,  1897,  no.  4106. 

Uromyces  Polygoni  (Pers,)  Fckl. 

On  Rumex  pauciflorus;  Snake  River,  Yellowstone  National  Park, 
Aug.  13,  1899,  no. '6438. 

Uromyces  Rndbeckiae  Arthur  &  Holway. 

On  Rudbeckia  laciniata;  Pass  Creek,  Sheridan  Co.,  July  21,  1896, 
no.  2476. 

Uromyces  Solidagonis  Sommerf. 

On  Solidago  Canadensis  (?);  Sundance,  Crook  Co.,  July  4,  X896, 
no.  2192. 

Uromyces  Sophorae  Pk. 

On  Sophora  sericea;  Mill  Creek,  Converse  Co.,  Aug.  12,  1898,  no. 
5051. 

Uromyces  Zygadeni  Pk. 

On  Zygadenus  venenosus;  Willow  Creek,  Albany  Co.,  May  22, 
1897,  no.  2924. 

Pnccinia  Adoxae  (Hedeo). 

On  Adoxa  Moschateliina;  Yancey's,  Yellowstone  National  Park, 
July  17,  1899,  no.  5929. 

Puccinia  annnlata  £.  &  £. 

On  Chamaenerion  angustifolium;  Yancey's  Yellowstone  Nation- 
al Park,  july  17, 1899,  no.  5930. 

Pnccinia  Asteris  Duby 

On  Aster  conspicuus;  Wolf  Creek,  Canon,  Sheridan  Co,^  July  12, 
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1896,  no.  2293:    on  Aster  sp.;  Madison  Canon,  Yellowstone  Nation- 
al Park,  Au&  30, 1899,  no.  6780. 

Puccinia  BalBamorrhizae  Pk. 

On  Balsamorrhiza  sagittata;  Indian  Grove  Mts.,  Carbon  Co..  July 
17,  1898,  no.  4900. 

Pnccinia  cladophila  Pk. 

On  Ptiloria  pauciflora:  Garfield  Peak,  Natrona  Co.,  July  29.  1894, 
no.  2830;  July  31,  1898,  no.  5012. 

Puccinia  conferta  Dietel. 

On  Artemisia  tridentata;  Sheep  Mt.,  Albany  Co.,  July  3.  1897.  no. 
3309  a;  Seminole  Mts.,  Carbon  Co.,  July  22,  1898,  no.  4945:  LAramle 
Hills,  Sept.  13.  1899,  no.  6906.  on  Artemisia  cana;  Pcison  Spid» 
Creek.  Aug.  1,  1898,  no.  5021. 

Pnccinia  consimilis  £.  &  £. 

On  Schoenocrambe  linifolia:  Granger,  Sweetwater  Co..  June  10. 
1898,  no.  4621;  Cokevllle,  Uinta  Co.,  June  11,  1898,  no.  4661. 

Pnccinia  Caricis  (Schum.)  Reb. 

On  Carex  fllifolia;  Pine  Bluffs,  Laramie  Co.,  May  15,  1897.  no. 

2896. 

Puccinia  cornigera  H.  &  £. 

On  Tetraneuris  Torreyana;  Freezeout  Hills,  Carbon  Co..  Juiy 
10,  1898,  no.  4852. 

Puccinia  Epilobii  DC. 

On  Epilobuim  paniculatum:  Yellowstone  National  Park;  Xez 
Perces  Creek,  July  29,  1899,  no.  6223;  Snake  River,  Aug,  12.  no.  6431 

Puccinia  Erigerontis  £.  &  K 

On  Erigeron  caespitosus;  Crow  Creek,  Laramie  Co..  July  9.  1S96. 
no.  2847:  Ferris  Mts.,  Carbon  Co.,  July  23, 1898,  no.  4954:  on  Erigeron 
roicrolonchus;  Willow  Creek,  Albany  Co.,  July  1.  1898.  no.  4379:  tn 
Erigeron  Batoni;  Freezeout  Hills,  Carbon  Co..  July  10,  1898.  no.  4490. 

Puccinia  Gayophyti  Pk. 

On  Gayophytum  ramosissimum:  J.  M.  Bates,  Cambn'a.  Converse 
Co.,  June  18,  1896,  no.  443;  Centennial  Valley.  July  3,  189/,  no.  o£S5: 
Seminole  Mts.,  Carbon  Co.,  July  22,  1898,  no.  4935. 

Puccinia  gibberulosa  Schitr  ? 

On  Cyrtorhyncha  ranunculina;  Laramie  Hills,  Albany  Co..  June 
6,  1896,  no.  1906. 
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Puccinia  graminis  Pers. 

On  Poa  laerlgata;  Wamsutter,  Sweetwater  Co.,  July  10,  1897, 
no.  3668  a:  on  Festuca  Kingii;  Wallace  Creek,  Natrona  Co.,  July  30, 

1898,  no  5004. 

Pnccinia  Harknesaii  Vize. 

On  Ptllorla  sp.;  Fort  Steele,  Carbon  Co.,  June  18,  1898,  no.  4827. 

Pnccinia  Helianthi  Schw. 

On  Helianthus  sp.;  Cambria  Canon,  Converse  Co.,  July  29,  1896, 
no.  2642. 

Pnccinia  Hencherae  Sz. 

On  Heuchera  parvifiora;   Laramie  Hills,  Albany  Co.,  June  16, 
1897,  no.  3155. 

Pnccinia  Hieracii  (Sebum.)  Mart. 

On  Crepis  Intermedia  (?);  Seminole  Mtfl.,  Carbon  Co.,  Jnly 
22  1898  no.  4940. 

Pnccinia  intermizta  Pk. 

Rare;  on  Iva  axillaris:  Bitter  Creek,  Sweetwater  Co.,  July  12, 
1897,  no.  3526;  Casper,  Natrona  Co.,  Aug.  2,  1898,  no.  5022. 

Pnccinia  Lygodesmiae  Pk. 

On  Gymnolomia  miltiflora;  Centennial  Hills,  Albany  Co.,  Aug. 
20,  1896,  no.  2715. 

Pnccinia  Menthae  Pers. 

On  Mentha  Canadensis;   Laramie  River,  Albany  Co.,  Sept.  25, 
1897,  no.  4302. 

Pnccinia  mirabillissima  Pk. 

On  Berberis  nana;  Laramie  Hills,  Albany  Co.,  May  21,  1898,  no. 
4309;   Mommoth  Hot  Springs,  Yellowstone  National  Park,  July  1, 

1899,  no.  5625. 

Pnccinia  Mnaenii  £.  &  £. 

On  Musenium  tenulfollum;  Freezeout  Hills,  Carbon  Co.,  July  10, 
1899,  na  4491. 

Pnccinia  Phragmitis  Schum. 

On  Spartina  gracilis;  Laramie  River,  Albany  Co.,  Aug.  31,  1897, 
no.  4268. 

Pnccinia  mbigo-vera  (DC.)  E.  &  E. 

On  Elymus  sp.;  Iron  Mt.,  Laramie  Co.,  Aug.  26,  1896,  no.  2782, 
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Pnccinia  Baziflragae  Schlect. 

On  Saxlfraga  cernua;  La  Plata  Mines,  Albany  Co.,  Aug.  24,  1898, 
no.  5124. 

Pnccinia  Tanaceti  DC. 

On  Artemisia  cana;  W.  C.  Knight,  Steamboat  Lake,  Albany  Co^ 
Oct.  28,  1896,  no.  2825:  on  Artemisia  tridentata;  Laramie  Hills,  Sept 
14,  1898,  no.  4343. 

Pnccinia  Thalictri  Chev. 

On  Thalictrum  sp. ;  Sundance  Creek,  Crook  Co.,  July  2,  1896,  iia 
2106:  on  Tbalictrum  sp.;  Lewis  River,  Yellowstone  National  Park, 
Aug.  9,  1899,  no.  6389. 

Pnccinia  variabilis  Grev. 

On  Taraxacum  sp.;  Centennial  Valley,  Albany  Co.,  Aug.  17,  1896, 
no.  2660. 

Pnccinia  Violas  (Schum.)  DC. 

On  Viola  sp. ;  Pass  Creek,  Sheridan  Co.,  July  21,  1896,  na  2483: 
Battle  Lake,  Carbon  Co.,  Aug.  16,  1897,  no,  4192. 

Oymnosporangijun  clavipes  C.  &  P. 

On  Juniperus  scopulorum;  Laramie  Hills,  Albany  Co^,  May  10, 
1896,  no.  1886. 

Phragmidinm  fragariastri  DC. 

On  Potentilla  sp.;  Preezeout  Hills,  Carbon  Co.,  July  10,  1898.  ao. 
4851. 

Phragmidinm  snbcortinm  Schrank. 

Frequent  on  species  of  Rosa:  Cummins,  Albany  Co.,  July  29, 
1895,  no.  1499;  iSundance,  Crook  Co.,  July  2,  1896,  no.  2100;  Sundance 
Mt.,  July  3,  no.  2163;  Yancey's,  Yellowstone  National  Park,  July  17, 
1899,  no.  5946. 

Aecidinm  abnndans  Pk. 

Very  common  on  Symphoricarpos  oreophilus;  Cummins,  Albany 
Co.,  July  Z9,  1895,  no.  1498. 

Aecidinm  Allenii  Clinton.     3 

On  Lei^argyraea  Canadensis:  Yellowstone  National  Park:  Speci- 
men Ridge,  Jfuly  15,  1899,  no.  5884,  Snake  River,  Aug.  12,  no.  6430. 

Aecidinm  Aquilegiae  Pers. 

On  Aquilegia  caerulea  ( ?) :  Laramie  Peak,  Albany  Co.,  Aug.  7. 
1895,  no.  2831;   North  Vermillion  Creek,  Sweetwater  Co.,  *July  17. 
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1897,  no.  3558;  Lewis  River»  Ye.Ilowstone  National  Park,  Aug.  9,  1899, 
no.  6390. 

Aecidinm  Astenun  Schw. 

On  afiter  sp  (?);  Sundance  Mt,  Crook  Co.,  July  3,  1896,  no.  2176. 

Aecidinm  Olematidis  DC 

On  Clematis  ligusticifolia:    Wolf  Creek,  Sheridan  Co.,  July  12, 
1896,  no.  2310;  Hat  Six  Falls,  Natrona  Co.,  Aug.  7,  1898,  no.  5033. 

Aecidinm  Oompositarum  Mart. 

On  Helianethus  sp.;  Centennial  Valley,  Albany  Co.,  July  3,  1897. 
no.  3289:  on  Aster  sp  (?);  North  Vermillion  Creek,  SweetwatcfT  Co., 
July  17,  1897,  no.  3572:  on  Aster  sp.;  Yancey's,  Yellowstone  National 
Park,  July  17,  1899,  no.  5921:  on  Agoseris  sp.;  Snake  River,  Aug.  13, 
no.  6453. 

Aecidinm  £aphorbiae  Pers. 

On  Euphorbia  sp.;  Uva,  Laramie  Co.,  Aug.  26,  1896,  no.  2744:  on 
Euphorbia  montana;  Ferris  Mts.,  Carbon  Co.,  July  24,  1898,  no.  4958. 

Aecidinm  Enrotiae  £.  &  K. 

On  Eurotia  lanata;  Laramie,  Albany  Co.,  June  15,  1897,  no.  3149. 

Aecidinm  Glaucis  Dozy  &  Molkenb. 

On  Glaux  maritima;  Laramie,  Albany  Co!,  June  15,  1897,  no.  3150. 

Aecidinm  Orossnlariae  (Schum  )  E.  &  E. 

On  Ribes  sp.:  Moorcroft,  Crook  Co.,  July  8,  1896,  no.  2244. 

Aecidinm  Hpdropliylli  Pk 

On  Hydrophyllum  occidentale;  Green  Top,  Albany  Co.,  June  29, 
1897,  no.  3231:  on  Hydrophyllum  capitatum;  Mammoth  Hot  Springs, 
Yellowstone  National  Park,  June  30,  1899,  no.  5599. 

Aecidinm  Lysimachiae  Schlect 

On  Steironema  ciliata;  Ranchester,  Sheridan  Co.,  July  13,  1896, 
no.  2286. 

Aecidinm  monoicnm  Pk. 

Frequent  on  Schoenocrambe  lini folia;  Laramie  Hills,  Albany  Co., 
May  23,  1894,  no.  50. 

Aecidinm  Oenotherae  Mont, 

On  Pachylophua  caespitoeus;  Pole  Creek,  Laramie  Co.,  no.  133: 
on  Pachylophus  montanus;  Laramie.  Alibany  Co.,  May  31,  1899,  no. 
6831;  on  Taraxia  heterantha;  Golden  Gate  Yellowstone  National 
Park.  June  28,  1899,  no.  5534. 
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Aecidium  Orobi  Pers. 

On  Lathy ru8  ochrolucue;  Sundance  Creek,  Cro<^  Co.,  July  2, 1896, 
no.  2110. 

Aecidiam  Packii  De  Toni. 

On  Anogra  biennis;  Madison  Canon,  Yellowstone  National  Park. 
Aug.  29,  1899,  no.  6756. 

Aecidinm  Phlogis  £.  &  £. 

On  Phlox  Hoodii  glabrata;  Pine  Ridge,  Albany  Co.,  June  7,  1898. 
no.  4341. 

Aecidiam  Plantaginis  Ces. 

On  Plant&go  eriopoda;  Laramie,  Albany  Co.,  June  9,  1897.  no. 
2947. 

Aecidinm  porosam  £.  &  E. 

On  Vlcia  sp.;   Bitter  Creek,  Sweetwater  Co.,  June  17,  1898.  no. 
4786. 

Aecidiam  pyratam  Sch. 

"Headwater  of  Snake  River,*'  Yellowstone  National  Park,  Sept. 
11,  1872— Coulter. 

Aecidiam  Banancolacearam  DC. 

On  Oxygraphis  Cymbalaria;  Laramie,  Albany  Co.,  June  18,  1896. 
no.  1972. 

Aecidiam  Sarcobati  Fk. 

On  SarcobatuB  vermiculatus;  Little  Laramie  River,  Albany  Ca, 
June  25,  1897,  no.  3210. 

Aecidiam  Sommerfeldtii  Johans. 

On  Thalictrum  sp.:   Sheridan,  Sheridan  Co.,  July  10,  1896,  no. 
2270;  Heao  of  Pole  Creek,  Albany  Co.,  June  19,  1897,  no.  3193. 

Aecidiam  tabercalatam  £  &  K. 

Very  abundant  on  Sidalcea  malvaeflora  on  Miller's  Ranch  in  the 
Seminole  Mts.,  Carbon  Co.,  July  23,  1898,  no.  4946. 

Boestelia  aarantiaca  F^k.? 

On  Amelanchier  ilnifolia.;  Indian  Grove  Mts.,  Carbon  Ca.  July 
17,  1898,  no.  4887.' 

Uredo  Polsrpodii  (Pcrs.)  DC. 

On  Cystoperls  fragilis;   La  Plata  Mines,  Albany  Co..  Aug.  27. 
1898,  no.  5196. 

Ui^odo  ribicbla  £.  &  £. 

On  Ribes  sp.;  Laramie,  Albany  Co.,  Sept.  8,  1898,  no.  5305. 
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BXOBASIDIAIjBS. 

BXOBA8IDIACBAB. 

Ezobasidinm  Vaccinii  (Fckl.)  Wor. 

On  Vacclnium  caeepitoBum;  Little  Gkxwe  Creek  Hills.  Sheridan 
Co.,  July  16, 1896,  no.  2367;  on  Vaccinium  membranaceum,  Teton  Mts., 
Uinta  Co.,  Aug.  16,  1899. 

AUARICALBS. 

THBL.EPHORACEAE. 

Thelephora  terrestris  Fr. 

"Along  the  Yellowstone."  1872— Coulter. 

CL.AVARIACEAE. 

Glayaria  formosa  Pers. 

Jackson's  Lake,  Uinta  Co.,  Sept.,  1872.— Coulter. 

GlaTaria  sp. 

Battle  Lake,  Aug.  15,  1897,  no.  4199. 

This  genus  is  abundant,  represented  in  the  coniferous  woods 
by  at  least  one  excellent  edible  species. 

HTDNACBAB. 

Eydnnm  imbricatmn  L. 

In  moist  woods;  Battle  Lake,  Carbon  Co.,  Aug.  16,  1897,  no.  4197. 

POLTPORACEAE. 

Memlius  lachrymans  (Jacq.)  Fr. 

In  damp  cellar;  Cheyenne,  Laramie  Co.,  Sept.  15,  1895,  no.  1873. 

Trametes  sp. 

Little  Goose  Creek  Hills,  Sheridan  Co.,  July  16,  1896,  no.  2368. 

PoIsrpliomB  cuniabarinnB  Gacq.)  Fr. 

Medicine  Bow  Mts.,  Albany  Co.,  Aug.  12,  1896,  no.  2841. 

^olypoms  lencospongia  Cooke. 

Sundance  Mt,  Crook  Co.,  July  7,  1896,  no.  2236. 

Poljrpomfl  oificiiialiB  (Vill.)  Fr. 

Growing  on  the  under  side  of  moist  logs  of  Pseudotsuga  Doug- 
lasil;  B.  C.  Buffum,  Telephone  Canon,  Albany  Co.,  1892,  no.  2841; 
also,  secured  in  the  same  locality  In  1897  by  Aven  Nelson. 

BOLETACBAE. 

Boletus  spp. 

Battle  Lake,  Aug.  16,  1897,  no.  4199. 

This  genus  is  abundantly  represented  in  forests  mountain  areas. 
Many  no  doubt  edible. 
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AQARIGACEAB. 

Agaricns  campMter  L. 

In  waste  grounds  and  well  manured  lots.  Common  and  abnnd- 
ant.    Frequently  collected  for  food. 

Agaricus  silTaticiis  Schaeff. 

Less  common  than  the  preceding.  In  open  woods,  especially 
where  cattle  have  wintered. 

An  excellent  edible  species.    Bacon  Ranch,  June,  1897. 

Oopriniis  airamentariiis  (Bull.)  Fr. 

Moist  ground  along  an  irrigating  ditch;  Laramie,  Albany  Ca, 
Sept  7,  1897,  no.  4280. 

LYCOPERDAI^KS. 

LYCOPBRDACBAB. 

Tylostoma  fLmbriatum  Fr. 

On  river  bottoms;  Laramie,  Albany  Co.,  Sept,  1896,  no.  ^6. 

Lycopardon  genunatnin  Batsch. 

On  rotten  logs;  Pole  Creek,  Albany  Co.,  May  30,  1896,  no.  ZIHS. 

Lycoperdon  pyriforme  SchaefT. 

Battle  Lake,  Carbon  Co.,  Aug.  17.  1897,  no.  4238  (?);  "near  Yel- 
lowstone Lake,  Aug.  23,"  1872. — Coulter. 

NOTE.— THE  FERNS  and  FERN-ALLIES  have  not  been  in- 
cluded in  this  list,  since  there  are  in  the  state  only  a  relatively  small 
number  and  these  were  published  with  notes  upon  them,  by  Mr.  EUk 
Nelson,  in  the  January  number  (1899)  oif  the  Fern  Bulletin.  Thorn 
desiring  to  know  what  species  occur  here  are  referred  to  that  pub- 
lication. 
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METEOROLOGICAL  REPORT 


.  .  .  FOR  THE  YEAR 


Beginning  January  1  and  Ending  December  3h  1899. 


BY  C.  B.  RIDGAWAY. 


Meteorological  Report  for  1899. 


The  work  of  the  meteorological  department  has  been  a 
continuation  of  that  of  previous  years.  Observations  opon 
atmospheric  conditions  and  soil  temperature  at  variou? 
depths  have  been  taken  twice  daily,  at  7  a.  m.  and  7  p.  m. 

The  observations  have  been  reported  monthly  to  the 
United  States  Weather  Bureau  at  Washington,  and  to  the 
Wyoming  Section  at  Cheyenne.  Weekly  climate  and  crop 
reports  have  also  been  sent  to  the  Cheyenne  oflSce. 

The  latitude  of  the  Station  is  41°  18'.  37.09"  North,  and 
the  longitude  105°  34'  53.75"  West  from  Greenwich.  The 
altitude  of  the  standard  barometer  is  7,191  feet. 

The  equipment  of  the  Station  for  meteorological  oh 
servations  consists  of  the  following:  A  quadruple  register. 
with  two  automatic  pens  for  registering  the  velocity  and  di 
rection  of  the  wind;  a  Draper's  self-recording  theniiome 
ter;  a  standard  mercurial  barometer;  one  Richard's  self 
registering  aneroid  barometer;  a  sling  psychroniHer;  six 
soil  thermometers  at  different  depths  in  the  grotind;  a 
maximum  and  a  minimum  self-registering  theniionicttT:  a 
hook-gaug(»  and  evajmration  tank;  a  standard  eight  in<h 
rain  gauge*;  a  maximum  and  a  minimum  self-ivgistcrin? 
solar  radiation  thermometer. 


Summary. 


Highest  temperature,  87,  June  29,  July  25. 

Lowest  temperature,  — 40,  February  12. 

Mean  temperature  for  year,  liS.S. 

Greates't  daily  range  of  temperature,  iyll,  February  12. 

Lowest  daily  range,  5,  October  9. 

Mean  daily  range  of  temperature  for  year,  24,4. 

Mean  relative  humidity  for  the  year,  57.1. 

Lowest  relative  humidity,  6,  September  7. 

Highest  dew  point,  60,  September  5. 

Lowest  dew  point,  — 38,  February  6. 

Mean  dew  point  for  the  year,  28.9. 

Plighest  barometer,  23.502,  September  25. 

Lowest  barometer,  22.442,  January  31. 

Mean  barometer  for  the  year,  23.079. 

Highest  monthly  precipitation,  2.01  inches,  in  July. 

Lowest  monthly  precipitation,  .07,  in  November. 

Greatest  amount  of  precipitation  during  any  single 
stornm,  .91  in.,  July  13. 

Total  precipitation:  1891,  13.92  in.;  1892,  12.73  in.; 
1893,  3.84  in.;  1894,  7.03  in.;  1895,  11.15  in.;  1896,  10.75  m.; 
1897,  11.91  in.;  1898,  7.63  in.;  1891^,  11.84  in. 

Mean  precipitation  for  nine  years,  10.15  in. 

Evaporation,  20.58  inches,  from  April  22  to  October  15. 

Greatest  monthly  (»va})oration,  4.42,  in  May. 

Mean  soil  temiieratures:  3  in.,  43.2;  6  in.,  42.T;  12  in., 
44.1  ;  24  in.,  43.7;  36  in.,  44.1 ;  72  in.,  43.2. 

Prevailing  direction  of  the  wind,  southwest. 


Wyoming  Exjwriinent  Station, 


Number  of  clear  days  during  year,  178. 

Number  of  partly  cloudy  days  during  year,  142. 

Number  of  cloudy  days  during  year,  45. 

Number  of  days  on  which  .01  or  more  precipitation 
fell,  75. 

Greatest  velocity  of  wind,  58  miles  per  hour.  May  '?I. 

Total  number  of  miles  traveled  b^'  wind  during  the 
year,  117,284. 

Greatest  number  of  miles  traveled  in  one  month,  12,787, 
January. 

Least  number  of  miles  traveled  in  one  mouth,  7j24o. 
November. 

Average  number  of  miles  for  each  month,  9,773.6. 

Greatest  number  of  miles  in  one  day,  744,  May  21. 

Least  number  of  miles  in  a  day,  97,  December  13. 

Mean  daily  distance  traveled,  321.3. 

Mean  hourly  distance  traveled,  13.3: 
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Table  III. —  l^eekfy  Means  of  Soil  Temperatures. 
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WEEK 
ENDING 


[anuary  6  .    . 

fanuary   13.  . 

January  20.  . 

January  ti?.  . 

'"ebruary  3,  . 

February  10  . 
February  17  . 
February  'i4  . 
March  3  .  .  . 
March  10.  .  . 
March  17.  .  . 
March  24.  .  . 
March  31.  .  . 
April  7.  .  -.  . 
April  14.  .  . 
April  21  .  .  . 
April  2S.  .  . 
May  5  .  .  .  . 
May  12  .  .  . 
19  .  .  . 
26  .  .  . 
2.   .   .    . 


May 

May 

Tune 

[une  0.   .   .    . 

[une  lt>  .   .    . 

[une  %\  .   .    . 

June  :«  .   .    . 

July?.    .    .    . 

luly  14.  .  .  . 
fuly  21.  .  .  . 
fuiy  2S.  .    .    . 

August  4  .  .   . 

Auj^ust  11    .    . 

August  18   .    . 

August  25  .   . 

September  1  . 

September  8  . 

September  15. 
September  22. 
September  29. 
October  6.  .  . 
October  13  .  . 
October  20.  . 
October  27  .  . 
November  3  - 
November  10. 
November  17. 
November  24. 
December  1  . 
December  H  . 
December  15 . 
December  22  . 
December  29  . 


Sums. 


Means. 


II 


Air 
Temp. 


17.4 
18.e 
22.8 
20.0 
12.8 
1.9 
12.8 
17.9 
17.0 
26.0 
20.7 
25.3 
15.0 
28.7 
42.6 
37.0 
4:i  1 


33.4 
44.4 
49.5 
47.3 

48.7 
48.0 

61.0 
JvJ.5 
58.0 
61.6 
61.0 
62.7 
58.9 
59.4 
59.4 
58.0 
60.8 
58.5 
50.3 
47.6 
48.0 
40.7 
35.0 
34.7 

32.0 
33.0 
:«.l 
26.0 
30.5 
19.2 
13.3 
3.3 

:k>.7 


3 
Inches 


1 1 


^     1 


1934.6 


II 


17.7 
19.0 
24.3 
a5.9 
23.5 
15.2 
19.0 
26.0 
24.7 
27.0 
20.5 
31.3 
'ifS.% 
32.0 
41.2 
42.0 
48.1 
39.5 
46.1 
51.8 
49.0 
52.8 
50.5 
58.5 
(55.2 
67.8 
tB.3 
65.5 
64.0 
64.9 
65.1 
63.1 
67.0 
65.9 
67.9 
66.2 

6:j.o 

59.4 
60.6 
54.0 
43.0 

:«.o 

3;J.3 
39  0 
38.0 
38.0 

:)4.4 

34.0 
29.8 
26.8 
21.8 
25.7 


37.2 


2247.4 
43.2 


6 
Inches 


18.4 
20.0 
2:^.8 
23.5 
33.6 
16.4 
19.0 
22.6 
24.3 
26.6 
26.5 
30.2 
30.0 
;i2.3 
41.7 
43.0 
47.2 
:{9.3 
45.7 
51.0 
49.5 
52.0 
42.6 
57.4 
Si. 7 
66.3 
(».5 


64.  i 
63.4 
67.4 
64.4 
6:i.4 
65.5 
65.3 
66.1 
65.5 
62.6 
58.3 
59.0 
5;  J.  7 
45.0 
37.5 
:i9.5 
38.0 

:j7.o 

34.1 
33.0 
:«).3 
27.0 
23.5 
24.7 


2220.0 


'^     I 


42.7 


to        I 
Inches    j 


22.0 
22.0 
24.8 
25.4 
25.7 
20.9 
21.1 
24.6 
26.0 
27.8 
28  4 

:«).r 

31.6 

:«.o 

40.4 

4:^.5 

47.2 

41.1 

45.3 

52.  :4 

49 

52 

49 

56 

62.6 

65  1 

64.4 

65.0 

6.3.7 

67.1 

65.0 

63.4 

65.3 

a5.o 

(55.7 
(>5.7 
6:j.O 
59.0 
58.7 
55.2 
49.0 
40.8 
42.0 
40.1 
39.0 
3S).2 
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34.8 
33.4 
30.5 
28.0 
27.0 


2296.1 
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Inches 


24.6 
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25.4 
26.5 
27.0 
24.1 
%\M 
25.8 
21).  5 
28.2 
29.0 
:{0  4 
31.4 
:i2.1 

:i5.7 

40.9 
44.5 
41.2 
43.1 
47.6 
48.2 
51.0 
19.2 

5:{.o 

58.8 
61.6 
(i2.4 
62.5 
(U.l 
U.l 
^S.\ 
61.8 
6:i.O 
6:^.0 

6:17 

(U.l 
(52.0 
58.5 
57.7 
55.3 
50.3 
43  1 
13.0 
40.7 
42.0 
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37.1 
35.0 
:34.5 
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30.1 
28.5 


:tti 
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51.0 

55  2 
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60 
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62.0 

61.0 
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62.0 

62.0 
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61.3 
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47.0 

45.0 
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:Ci.2 
37.0 
;58.7 
39.0 
39.5 
41.5 
43.0 
43.4 
44.0 
45.8 
48.0 
49.7 
51.1 
.52.0 
52.0 
5;j.O 

r>*.o 

.54.0 

54.0 

.55 

55 

55 

55.0 

.54.0 

53.3 

52.3 

50.7 

49.0 

47.0 

46.1 

45.0 

44.0 

4;i.o 

41.5 
40.5 
39.9 
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2245.3 
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Table  V. —  IVznti  Record. 


JANUARY 


DIKBCTION  PROM 


u 

E 

c 

S 

2 

(S 

0^ 

• 
IS 

• 

1 

sw 

sw 

w 

•2 

sw 

sw 

sw 

3 

sw 

sw 

w 

4 

w 

w 

sw 

5 

sw 

w 

w 

6 

w 

w 

w 

1 

svr 

sw 

w 

8 

s 

n 

s 

9 

s 

sw 

s 

10 

s« 

sw 

sw 

11 

n 

sw 

sw 

n 

sw 

w 

sw 

13 

sw 

sw 

s 

14 

sw^ 

sw 

sw 

15 

sw 

sw 

sw 

16 

^v 

nw 

n 

17 

ne 

e 

.  e 

18 

sw 

sw 

sw 

19 

»w 

n 

•  se 

20 

vt 

n 

sw 

21 

sw 

sw 

sw 

22 

w^ 

nw 

nw 

23 

w 

sw 

sw 

24 

sw 

sw 

sw 

25 

sw 

w 

w 

26 

sw 

w 

nw 

27 

nw 

w 

w 

28 

nc 

nw 

s 

29 

w^ 

w 

w 

30 

w 

w 

w 

31 

w 

sw 

w 

Sum 

Daily  mean. 


Hourly  mean 17.2 


J? 

S 

B 

g 

s  ^ 

>. 

8 

u-3 

^1 

is 

1 

9  S 

E^ 

^ 

Is 

Is 

"a 

Q 

o 

Ss 
s 

304 

36 

m 

502 

30 

42 

480 

:)4 

48 

544 

41 

46 

530 

38 

47 

670 

40 

48 

390 

38 

40 

270 

23 

27 

208 

13 

18 

205 

26 

:io 

320 

28 

31 

420 

27 

'&\ 

370 

%\ 

28 

480 

37 

43 

SSO 

:« 

38 

525 

30 

40 

280 

32 

37 

240 

17 

2:^ 

420 

25 

:» 

261 

23 

27 

520 

;i2 

39 

(108 

U 

41 

354 

35 

37 

440 

26 

'Xi 

481 

31 

36 

30:^ 

29 

35 

406 

27 

37 

322 

36 

4;{ 

230 

26 

31 

496 

33 

3<) 

310 

32 

40 

12787 

412.5 

17.2 

FEBRUARY 


« 

M 

DIKKCTION  FROM 

i 

c 

^ 

^ 

• 

.2 

• 

• 

6 

V 

s 

s 

g 

>^ 

— i 

n 

(« 

o 

a 

c« 

Q 

I- 

z 

I- 

^ 

1 

nw 

n 

w 

300 

2 

n 

w 

se 

252 

3 

s 

ne 

w 

4 

n 

nw 

nw 

278 

5 

n 

n 

n 

274 

6 

s 

nw 

sw 

145 

7 

sw 

V 

w 

253 

8 

nw 

nw 

n 

439 

0 

nw 

w 

w 

361 

10 

w 

w 

s 

420 

11 

n 

n 

se 

m 

12 

s 

s 

tte 

194 

13 

s 

w 

e 

395 

14 

w 

sw 

nw 

253 

15 

s 

sw 

sw 

430 

16 

sw 

nw 

nw 

340 

17 

w 

w 

w 

290 

18 

se 

n 

sw 

220 

19 

w 

sw 

sw 

490 

20 

w 

w 

w 

487 

21 

w 

w 

nw 

580 

22 

nw 

nw 

s 

341 

23 

w 

sw 

s 

338 

24 

e 

n 

nw 

275 

25 

8 

s 

s 

2:i8 

26 

S 

w 

w 

130 

27 

s 

sw 

w 

540 

28 

sw 

sw 

w 

5;jo 

Sum  .... 
Daily  mean . 
Hourly  mean 


9165 
327.3 
13.7 


1 

BO 


i-S' 


3* 

12  I 

23 

16  • 

21 

14 

18 

29  ; 

;«  . 

20  I 
31  . 

10  I 

25 
19  I 

:e  I 

24  1 

2:^ 
20 
27 
31 

:« 
:C 
38 
27 
25 
22 
40 
47 


39 
14 
29 
21 
26 
%\ 
25 

:*r 

33 

•14 

25 
38 
31 
29 
27 
;J2 
37 
45 
41 
46 
35 
:{3 
31 
47 
50 
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MARCH 

APRIL 

8 

J 

c 

J5J 

JZ 

DIRKCTION  FROM 

1 

s^ 

>. 

^ 

DIRBCTION  FROM 

6 

IS^ 

> 

e 

fe^ 

y  u 

.e 

b*? 

-  » 

v 

l-o 

•Si 

it 

|o 

i? 

S  ^ 

>■«= 

u 

s  k 

>-^ 

B 

O  3 

c 

3  3 

=  i 

sS. 

a 

'=i 

■ 

1 

6 

• 

'3 

is 

It 
rt  E 

ce 

• 

• 

i 

i 

=5 

In 

•• 

it 

Q 

t« 

Z 

I'. 

Q 

c 

S 

C 

i- 

2 

t- 

Q 

z 

1 

8W 

w 

w 

560 

34 

37 

I 

ne 

se 

sw 

170 

21 

^ 

nw 

w 

sw 

:J8S 

20 

29 

n 

sw 

sw 

a23 

23 

s 

3 

n 

nw 

n 

209 

18 

25 

3 

nw 

sw 

sw 

w& 

2S 

s 

4 

w 

w 

w 

400 

28 

33 

4 

sw 

sw 

sw 

4«3 

35 

e 

5 

nw 

w 

s 

455 

32 

;r 

5 

n 

n 

nw 

377 

i? 

% 

6 

s 

w 

sw 

360 

30 

;« 

6 

s 

w 

w 

282 

23 

5 

4 

sw 

8W 

sw 

560 

36 

40 

7 

DW 

nw 

se 

479 

» 

8 

w 

W 

se 

344 

27 

33 

8 

nw 

w 

8 

246 

96 

3» 

9 

sw 

sw 

s 

rxio 

28 

37 

9 

se 

sw 

SW 

225 

18 

s 

10 

ne 

nw 

nw 

456 

30 

:J8 

10 

sw 

VK 

w 

413 

3S 

s 

11 

nw 

nw 

w 

545 

33 

37 

11 

sw 

w 

S 

447 

» 

s 

12 

iw 

sw 

sw 

442 

:j3 

:» 

12 

sw 

sw 

sw 

413 

26 

3C 

V6 

8 

s 

se 

346 

22 

25 

13 

w 

w 

w 

453 

26 

H 

14 

ne 

w 

n 

:m 

19 

24 

14 

s 

nw 

w 

494 

3! 

£ 

15 

e 

sw 

sw 

3()5 

30 

36 

15 

8 

nw 

se 

234 

19 

s 

1ft 

8 

sw 

sw 

360 

21) 

32 

16 

5C 

sw 

sw 

341 

33 

> 

17 

e 

e 

nw 

258 

25 

31 

17 

w 

w 

w 

743 

3H 

43 

18 

ne 

se 

sw 

ISO 

17 

25 

18 

8 

sw 

nw 

380 

25 

9 

19 

sw 

sw 

sw 

430 

28 

37 

19 

w 

w 

nw 

635 

33 

% 

20 

s 

sw 

sw 

433 

26 

28 

20 

nw 

BW 

s 

asi 

37 

ti 

21 

sw 

w 

w 

3K0 

19 

23 

21 

s 

nw 

e 

298 

3*, 

31 

w 

w 

sw 

610 

31 

37 

22 

•w 

s 

se 

235 

11' 

s 

33 

sw 

w 

sw 

400 

34 

:« 

23 

s 

sw 

c 

348 

27 

s 

24 

sw 

w 

w 

430 

30 

36 

24 

n 

n 

se 

:ig8 

32 

» 

25 

sw 

e 

e 

490 

37 

43 

25 

sw 

e 

se 

3» 

M 

w 

2fi 

c 

c 

e 

630 

32 

:« 

26 

n 

yr 

'w 

378 

31, 

9 

27 

e 

e 

nw 

280 

24 

31 

27 

w 

w 

nw 

371 

41 

Q 

28 

w 

w 

sw 

830 

25 

30 

28 

nw 

nw 

s 

377 

30 

2 

29 

w 

e 

s 

370 

27 

35 

29 

se 

se 

se 

304 

29 

33 

30 

nw 

nw 

ne 

330 

24 

32 

30 

e 

nw 

w 

413 

% 

£ 

31 

nw 

n 

ne 

180 

17 

24 

Sum 

■      •       ■ 

y  mean 

»       »       •       • 

•      •      • 

12111 
390.7 

Sum 
Dail 
Hou 

11493 

:Ki.i 

Dail 
Hou 

Y  mean 

rly  mea 

n.    .   . 

•     *•       • 

16.2 

rly  mea 

JX.    .    . 

.   .   . 
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Table  V  (Continued) —  IVtn^/  Record. 


MAY 


I 

% 

S 

e 

■  M 

1 

\ 

DIRBCTION  FROM 

g 

a 

•o  U 

t 

%) 

•5° 

J2  2 

1 

Z 

gbi 

S-= 

1 

• 

H 

e1 

1 

6 

c 

S 

li 

3 

se 

%  1 

es 

8 

o. 

u 

C    1 

l»- 

z 

i-- 

385 

c 

S 

1 

se 

se 

n 

34 

37 

2    i 

nw 

nw 

nw 

354 

24 

32 

3    1 

nw 

w 

w 

ms 

39 

45 

4 

sw 

sw 

se 

44T 

28 

;i5 

5 

s 

w 

nw 

294 

19 

27 

6 

s 

se 

s 

204 

20 

29 

7     ' 

n 

ne 

se 

267 

28 

U 

8 

s 

sw 

sw 

183 

17 

25 

»     1 

sw 

w 

w 

258 

19 

27 

10     ' 

sw 

t       w 

w 

321 

18 

27 

11 

sw 

w 

w 

457 

29 

36 

12     1 

nw 

n 

se 

463 

27 

32 

13 

s 

sw 

sw 

44:i 

42 

47 

14     I 

s 

sw 

se 

461 

34 

39 

15 

se 

sw 

sw 

538 

35 

44 

16     1 

n 

se 

w 

454 

37 

45 

17    ; 

s 

sw 

ne 

322 

40 

47 

18     \ 

nc 

se 

s 

381 

27 

U 

19 

e 

se 

se 

227 

18 

23 

20 

nw 

nw 

w 

a58 

M 

41 

21     I 

sw 

sw 

ne 

744 

47 

56 

22     I 

se 

w 

nw 

313 

32 

44 

23    i 

5 

w 

s 

28:^ 

20 

25 

24 

se 

sw 

sw 

174 

11 

23 

25 

se 

sw 

s 

309 

34 

42 

26     , 

n 

sw 

w 

369 

36 

50 

27 

s 

sw 

w 

278 

24 

26 

28 

w 

w 

w 

429 

3:3 

42 

29 

s 

sw 

se 

311 

25 

30 

:«    1 

w 

w 

w 

405 

34 

37 

31     1 

1 

se 

w 

se 

352 

37 

45 

Sum  . 

■       •      •       • 

•      •      • 

11481 

IHily 

mean 

•     •       •       « 

•         •         m 

370.3 

Hourly  mea 

in.    .    . 

«         ■         • 

13.4 

JUNE 


1 
o 

3 
4 

O 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


DIRECTION  FROM 


se 

n 

sw 

w 

w 

w 

s 

e 

s 

sw 

sw 

nw 

n 

n 

n 

se 

se 

se 

se 

s 

sw 

se 

se 

sw 

sw 

sw 

sw 

e 

w 

s 


o 
o 


se 

n 
sw 

w 
sw 

n 
sw 
ne 
ne 

w 

sw 

nw 

nw 

ne 

n 
nw 
nw 
nw 
nw 
sw 

w 

nc 

nw 

se 

se 
sw 

w 
nw 

w 

w 


a 
i- 

w 
sw 

w 
nw 

se 

s 

sw 

ne 

ne 

w 
sw 

n 

nw 

ne 

n 

w 
nw 
nw 
sw 

se 
ne 
e 
nw 
sw 
sw 
sw 

se 

e 

sw 

nw 


1) 


u 

s 

c« 


Sum  .... 
Daily  mean . 
Hourly  mean 


•a 

"3 

Q 

401 
326 
33H 
378 
474 
469 


3;i4 

285 
244 

482 

417 

278 
300 

165 

23:^ 

2.'U 
244 
257 
361 
342 
278 
462 
314 
339 
351 
24Q 
264 
247 
237 


9523 
317.5 
13.2 


5  u 

3  S 


30 
26 
24 
22 

35 

:u 

18 

%\ 

21 
20 
29 

29 
20 

28 

9 

20 
11 
17 
20 
25 
24 
27 
29 
34 
28 
21 
16 
17 
24 
16 


2.  2 


:i8 

31 

2?) 

28 

% 

24 
;£2 
25 
26 
33 
35 
24 
30 

13 

25 
15 
23 
27 
30 
2f^ 
34 
35 
37 
38 
25 
'22 
19 
27 
24 
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JULY 

AUGUST 

DIKBCTION  1 

PROM 

J 

.S 

1 

>> 

Q 

1  « 

p 

.5 
•sn: 

(8 

Q 

DIKBCTION  PKOM 

t 

1 

u 
u 

i  ^ 

m 

1  ' 

-■I 

Dale 

E 

• 

e 

s 

• 

E 
a 

E 

• 

I- 

e 
% 

i 

« 

s 

« 

a 

§1 

is 

s 

1 

e 

e 

se 

471 

33 

27 

1 

se 

se 

sw 

414 

35 

« 

2 

e 

nw 

se 

210 

27 

32 

2 

sw 

nw 

nw^ 

205 

11  1 

IT 

3 

e 

nw 

sw 

400 

20 

34 

3 

e 

se 

ne 

]f» 

Ifi 

») 

4 

se 

ne 

sw 

322 

31 

40 

4 

se 

ne 

s 

117 

11 

H 

5 

se 

w 

nw 

343 

22 

27 

5 

s 

w 

sw 

272 

19 

» 

6 

se 

ne 

e 

274 

%5 

6 

s 

se 

ne 

212 

20 

24 

7 

e 

e 

e 

313 

36 

1 

sw 

sw 

sw 

•fir 

29 

$i 

8 

s 

nw 

e 

406 

26 

30 

8 

s 

sw 

w 

276 

l^ 

S 

9 

e 

se 

e 

278 

24 

29 

9 

sw 

sw 

sw 

2^5  , 

22 

* 

10 

w 

se 

.se 

212 

28 

33 

10 

se 

w 

w 

••S^W 

Z\ 

5 

11 

M 

nw 

w 

164 

19 

25 

11 

se 

se 

s 

310 

16  i 

!1 

12 

n 

w 

nw 

192 

22 

26 

12 

sw 

sw 

sw 

299  ' 

30 

•: 

18 

e 

se 

e 

216 

\^ 

27 

13 

se 

e 

« 

168 

14 

3t» 

14 

e 

ne 

nw 

172 

30 

36 

14 

s 

sw 

se 

461 

a< 

34 

15 

s 

ne 

ne 

190 

24 

29 

15 

s 

sw 

sw 

3S3 

IK 

« 

16 

e 

e 

se 

152 

11 

I 

16 

sw 

sw 

s 

2«3 

24 

» 

17 

s 

nw 

se 

219 

22 

17 

sw 

sw 

s 

234 

19 

96 

18 

ne 

ne 

ne 

194 

19 

23 

18 

se 

sw 

s 

325 

SI 

» 

19 

8 

nw 

ne 

186 

13 

17 

10 

w 

w 

w 

40f>  1 

30 

% 

30 

% 

ne 

se 

166 

18 

22 

20 

e 

se 

ne 

2K7 

17 

» 

21 

S 

nw 

sw 

279 

17 

24 

21 

sw 

sw 

sw 

SOS 

:e 

3; 

22 

ne 

se 

se 

286 

21 

25 

22 

sw 

sw 

sw 

37n 

25 

34 

23 

ne 

n 

nw 

216 

20 

26 

23 

se 

w 

w 

:fro 

21 

% 

24 

e 

w 

w 

288 

22 

27 

24 

s 

w 

w 

21S  , 

14 

a 

25 

e 

nw 

nw 

206 

18 

23 

25 

e 

sw 

sw 

296  . 

oo 

2S 

26 

se 

se 

nw 

422 

27 

32 

26 

se 

sw 

sw 

287 

30 

» 

27 

se 

se 
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Some  Experiments  With  Subsoiling. 

BY   B.  C.  BUFFUM   AND   W.  H.  FAIRFIELD. 


The  natural  requisites  for  farming  are  sail,  water,  air, 
heat  and  sunshine.  With  one  exception  these  natural  bless- 
ings are  sufficiently  abundant  in  the  arid  west.  That  ex- 
ception ie  water.  The  greatest  question  in  our  agriculture 
is  how  to  make  the  most  of  our  limited  supply  of  this  life- 
giving  element.  Making  use  of  our  water  supply  would  be 
a  comparatively  simple  matter  if  all  the  moisture  which 
might  be  brought  to  the  soil  could  be  held  there  until  plants 
could  make  use  of  it.  But  water  is  never  still.  In  seeking 
its  common  level,  the  sea,  it  runs  off  the  surface  of  the 
land,  or  seeps  through  the  upper  layers,  escaping  from  be- 
low and  that  which  is  retained  for  a  time  by  the  soil  is  be- 
ing continually  dissipated  into  the  air  as  invisible  vapor. 
In  our  dry  climate  the  evaporation  is  so  gre^t  that  five  or 
ten  times  as  much  water  as  comes  to  the  earth  in  a  year 
by  rain  would  be  lost  by  this  protiess  alone.  Any  practical 
plan  then  of  saving  as  much  moisture  as  possible  for  the 
use  of  crops  is  of  great  importance  and  value. 

Tillage  consists  of  stirring  the  soil  and  is  as  old  as  agri- 
culture. Its  effect  is  somewhat  complex.  It  breaks  up  the 
soil  admitting  air,  without  which  plants  can  not  grow.  It 
loosens  the  soil  so  it  becomes  suitable  for  planting  the  seed, 
as  well  as  for  the  development  of  plant  roots  and  for 
the  absorption  of  water,  brought  to  it  by  rain  or  irrigation. 
It  disintegrates  the  soil  particles  continually  unlocking  and 
making  available  to  the  plant  new  stores  of  plant  food.  It 
destroys  weeds.  Breaking  up  the  surface  forms  a  blanket 
which  prevents  the  rapid  loss  of  water  by  evaporation.  Is 
it  enough  that  we  shall  cultivate  the  surface  of  the  earth,  or 
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shall  we  find  it  profitable  to  extend  tillage  deeper  into  the 
hitherto  undisturbed  subsoil? 

Rubsoiling  is  stirring  the  earth  below  the  region  of  the 
plow.  For  convenience  we  speak  of  the  first  eight  inches 
of  soil  which  may  be  turned  over  in. plowing  as  the  surface 
soil  and  all  below  this  as  the  subsoil.  Plowing  turns  the 
surface  soil  bottom  side  up.  Subsoiling  does  not  change 
the  position  of  that  part  of  the  soil,  but  it  breaks  up  and 
stirs  the  ground  below  the  ordinary  depth  of  plowing.  This 
may  be  effected  by  a  spur  or  prong  attached  to  the  plow 
which  breaks  up  the  soil  at  the  bottom  of  the  furrow,  or  it 
may  be  done  with  a  separate  implement  to  be  drawn  along 
through  the  soil  beneath  the  bottom  of  the  furrow  after 
the  plow,  to  stir  the  ground  to  greater  depths  than  can  be 
done  with  a  small  attachment  to  the  ordinary  plow.  This 
implement  is  called  the  subsoil  plow  and  usually  consists 
of  a  mole  or  a  more  or  less  flat  piece  of  iron  pointed  at  one 
end  and  attached  to  the  beam  by  a  strong  flat  vertical  blade 
When  drawn  through  the  soil  in  the  bottom  of  the  furrow 
left  by  the  plow  this  implement  can  be  made  to  break  op 
and  stir  the  subsoil,  to  a  depth  of  from  one  to  two  or  more 
feet. 

The  advantages  claimed  for  subsoiling  are  that  it  makes 
more  room  for  root  development,  and  enables  the  plant  to 
extract  food  and  moisture  from  a  greater  area,  and  that  by 
loosening  up  more  of  the  soil  its  capacity  for  absorbing  and 
retaining  moisture  is  increased.  By  the  absorption  of 
greater  amounts  of  moisture  in  winter  and  spring  it  is  snp- 
posed  that  subsoiling  provides  against  summer  drouth.  It 
is  reasonable  to  suppose  that  this  is  what  -would  happen 
and  the  many  favorable  reports  on  subsoiling  from  hnmid 
and  semi-arid  regions  indicate  that  loosening  the  lower  lay* 
ers  of  soil  is  a  valuable  way  of  conserving  moisture  for  those 
regions.  Before  discussing  the  effects  of  subsoiling  in  Wy- 
oming the  differences  between  a  truly  arid  region  and  one 
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which  is  only  semi-arid  should  be  briefly  pointed  out.  Places 
where  the  annual  rainfall  is  less  than  fifteen  inches  are  gen- 
erally called  arid.  The  air  is  dry;  the  evaporation  is  great; 
the  rainfall  is  not  sufficient  to  mature  cultivated  crops.  In 
the  semi-arid  region  the  rainfall  is  more  than  fifteen  inches 
and  may  be  enough  to  mature  profitable  crops  if  the  moist- 
ure can  be  stored  up  in  the  soil  and  saved  until  the  crop  can 
make  use  of  it.  In  Wyoming  the  conditions  are  truly  arid 
unless  it  be  in  the  extreme  northeastern  portion  of  the  state. 
There  is  little  precipitation  during  the  fall  and  winter,  so 
very  little  moisture  escapes  by  running  directly  off  the  sur- 
face of  the  land.  If,  then,  subsoiling  is  not  necessary  to  in- 
crease the  holding  capacity  of  the  soil,  and  absorb  water 
during  time  of  extra  supply,  will  it  gave  more  of  the  water 
which  may  be  applied  artificially  during  the  growing  season 
and  will  this  and  other  advantages  make  it  profitable  to  go 
to  the  extra  expense  of  such  tillage  in  our  state? 

To  solve  this  question  we  have  been  experimenting  with 
subsoiling  for  three  years  and  this  bulletin  is  published  . 
to  report  the  results  obtained.     The  experiment  was  con- 
ducted in  the  same  manner  on  the  several  experiment  farms 
in  the  state.     Unfortunately  the  records  of  the  Lander  farm 
were  lost  in  transit,  and  the  publication  of  this  bulletin  has 
been  long  delayed  with  the  hope  they  might  be  found.     The 
soil  of  the  Lander  and  Sundance  farms  is  almost  identical, 
the  altitude  of  the  two  places  is  not  far  different  and  while 
the  experiment  in  subsoiling  was  only  carried  out  one  sea- 
son at  Sundance,  a  comparison  of  the  results  obtained  would 
be  highly  interesting?    The  climate  of  "Sundance  is  semi- 
arid  or  sub-humid,  crops  being  raised  without  irrigation, 
while  that  of  Lander  is  arid  and  no  crops  are  raised  without 
irrigation.    A  comparison  of  the  results  at  these  places 
would  give  more  trustworthy  evidence  of  the  difference  in 
value  of  subsoiling  under  such  conditions  of  climate  and 
farm  practice. 

The  experiment  was  begun  in  the  spring  of  -1896  and  car- 
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ried  out  that  year  at  Laramie,  Lander,  Sheridan,  Sundance 
and  Wheatland.  In  1897  the  cropping  was  repeated  on 
the  same  land  at  Laramie,  Lander  and  Sheridan,  and  in 
1898,  at  Laramie  only. 

PLAN  OF  THE  EXPERIMENT. 

Following  is  an  outline  of  the  instructions  for  subsoiling 
which,  with  slight  modifications  for  each  locality,  were  fur- 
nished the  farm  superintendents  in  the  spring  of  1896— 

This  experimeht  is  to  be  carried  on  alike  on  each  of  the 
farms.  Select  a  suitable  acre  plat.  Plow  the  land  over  the 
whole  plat  the  same  and  let  all  other  operations  such  as 
haiTowing,  etc.,  be  the  same  for  all  parts  of  the  plat.  Sub- 
soil thoroughly  one-half  of  the  plat.  Mark  carefolly  and 
permanently  the  line  where  the  subsoiling  stops. 

Divide  the  plat  into  four  equal  parts  so  one-half  of  each 
fourth  is  on  the  subsoiled  portion  and  one-half  on  the  part 
merely  plowed. 

T^pon  the  first  fourth  acre  plant  oats. 

Ui)on  the  second  fourth  acre  plant  potatoes. 

Upon  the  third  fourth  acre  plant  wheat. 

Divide  the  last  fourth  into  two  parts  and  plant  beets  on 
the  one  and  corn  on  the  other. 

Treat  the  crops  on  the  plowed  and  subsoiled  land  the 
same  throughout  the  season.  Keep  careful  notes  of  any 
variations  on  the  two  parts  of  each  plat. 

When  you  harvest  each  crop  cut  out  a  strip  six  feet  wide 
along  the  line  on  which  the  subsoiling  stops,  casting  ont 
the  crop  fix>m  a  strip  three  feet  wide  on  each  side  of  this 
line,  which  part  is  to  be  taken  no  account  of  in  figuring  up 
the  vields  on  subsoiled  land  or  land  not  subsoiled.  This  is 
important  as  the  effects  on  the  ground  treated  or  untreated 
will  reach  across  the  line  some  distance. 

Measure  the  area  in  square  feet  occupied  by  each  crop  to 
be  used  in  figuring  up  the  yields.    In  the  case  of  rowed 
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•crops,  allow  for  the  number  of  rows  at  their  diBtance  apart 
and  take  the  length  of  row  on  treated  and  untreated  land. 

This  experiment  wiU  be  repeated  upon  the  same  ground 
for  a  number  of  years  to  determine  the  effect  of  subsoiling 
on  soil  and  crops — . 

In  1898  some  additional  land  was  subsoiled  and  on  one 
plat  of  oats  covering  one-half  acre  an  accurate  measurement 
was  made  of  the  irrigation  water  used.  In  1897,  the  next 
year  after  the  land  was  subsoiled  for  tins  experiment,  the 
Physicist  made  a  study  of  the  moisture  content  of  different 
«oils  which  was  published  in  Bulletin  No.  36  of  this  Station, 
a  resume  of  which  is  used  in  this  report. 


Results  of  the  Experiments. 

Plants  of  different  kinds  act  very  differently  when  grown 
on  subsoiled  land.  The  effect  on  a  crop  of  loosening  the 
soil  to  a  depth  greater  than  by  ordinary  plowing  is  al^ 
very  different  on  different  soils  and  under  varying  climatic 
<;onditions.  Our  experiments  were  carried  out  in  widely  sep- . 
arated  parts  of  Wyoming  and  with  the  more  important  crops 
raised  in  each  section.  Again  there  are  often  accidental 
variations  which  throw  doubt  on  the  value  of  an  experi- 
ment and  where  possible  the  work  has  been  repeated  more 
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than  one  Beason.  The  conclusionB  reached  have  been  care- 
fully drawn  and  we  believe  the  results  of  these  experiments 
are  worthy  of  consideration  by  our  farmers. 

The  soil  on  the  station  farm  at  Laramie  contains  con> 
siderable  gypsum  and  lime  carbonate,  is  quite  stic^  when 
wet  and  becomes  firmly  compacted  below  the  plow.  The 
land  selected  for  this  experiment  had  been  cultivated  for  a 
number  of  years.  It  was  plowed  about  eight  inches  deep 
and  one-half  the  plai'was  subsoiled  to  a  depth  of  fourteen 
to  sixteen  inches  in  April,  1896.  The  ground  was  so  hard 
that  four  horses  were  required  to  pull  the  subsoil  plow 
and  if  larger  ai*eas  were  to  be  treated  six  horses  'would  be 
necessary.  The  iand  was  not  again  subsoiled  but  the  dif- 
ference in  the  yield  of  crops  produced  was  observed  for 
three  seasons.  This  shows  the  lasting  effects  of  eubsoiling 
and  the  return  which  may  be  expected  from  one  such  treat- 
ment, and  throws  light  on  the  absorption  and  retension  of 
water  through  the  entire  year.  The  second  year  there  was 
a  slight  difference  in  the  depth  of  the  plowing  on  the  two 
portions  of  the  plat.  Where  the  land  had  been  subsoiled 
the  plow  sunk  one  to  three  inches  deeper  than  on  the  plowed 
portion. 

On  the  other  station  farms  in  the  state  the  plowing  and 
subsoiling  was  done  in  the  same  manner  as  at  Laramie. 
At  Sheridan  the  soil  is  clay  underlaid  with  true  hardpan^ 
It  is  not  known  to  what  extent  this  hardpan  was  broken  np 
by  the  subsoil  plow.  At  Wheatland  the  soil  conditions  are 
much  the  same  as  those  at  Laramie.  At  Sundance  the  soil 
is  deep,  contains  gypsum  and  much  of  the  subsoil  consists 
of  red  shale  which  is  not  tenacecus  but  comparatively  easy 
to  work. 

The  average  rainfall  is  nearly  ten  inches  at  Laramie; 
about  the  same  at  Wheatland,  nearly  fourteen  inches  at 
Sheridan  and  twenty  inches  at  Sundance.  At  Laramie  and 
Wheatland  from  fifty  to  sixty  percent  of  the  total  annual 
precipitation  falls  in  the  growing  months  of  May,  June. 
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Jaly  and  August.  The  greater  amount  of  precipitation  at 
Sundance  and  the  fact  that  the  land  wa«  not  irrigated  un- 
doubted! v  accounts  for  some  of  the  difference  noted  In  the 
effects  of  subsoiling  between  the  Sundance  and  other  farms. 

SubsoUing  for  drain  Orops. 

Table  I.  gives  the  effects  of  subsoiling  on  the  yields  of 
wheat.  Though  the  difference  was  not  great,  the  yield  f rom- 
the  subsoiled  land  was  less  than  that  from  the  land  only 
plowed,  at  Laramie,  the  year  the  subsoiling  was  done.  The 
second  and  third  years  there  was  a  slight  increase  in  yield 
from  the  stfbsoiled  land.  The  increase  in  the  yield  of  straw 
is  greater  in  proportion  than  that  of  grain.  This  condi- 
tion would  be  expected  as  the  increased  feeding  area  of  the 
roots  and  other  conditions  favoring  rank  growth  would 
produce  more  straw  and  lees  grain  where  the  growing  sea- 
son is  short.  The  reason  for  this  is  indicated  in  Wyoming 
Station  Bulletin  No.  37  on  the  "Stooling  of  Grains."  It 
is  a  general  law  that  under  adverse  conditions  plants  Strive 
to  mature  seed  in  order  to  reproduce  them&elves.  Under 
these  conditions  then,  grain  will  mature  earlier  and  pro- 
duce more  seed  in  proportion  to  the  rest  of  the  plant  than 
where  everything  is  favorable  to  long  continued  growth. 

Table  I. — Subsoiling  for  Wheat 

Yields  in  Peunds  per  Acre. 


• 

Laramib. 

Sheri- 
dan. 

Whkat- 

LAND. 

Sundance. 

■ 

Straw 

and 

Grain 

Grain 

Grain. 

Grain. 

Straw 

and 

Grain. 

Grain. 

/Subsoiled 

2627 
2868 

043 
997 

3000    i    \ros 

3920 
3441 

1440 

_.      --        J  Plowed 

2350    ' 
450 

1614 
112 

1160 

First  Year.^£^„ 

236 

54 

480 

280 

(Loss 

M           •    ( Subsoiled.      

2174 
1894 

901 
876 

2700 
1960 

750 

Second    JIfowed  .   : 

Yea*--       (Gain 

280 

25 

»«  .   J      (  Subsoiled 

2170 
2127 

008 
833 

Third     Jlio^d.'*;      

Year.     ^Oain... 

43 

85 
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The  increase  in  yield  of  wheat  at  Laramie  the  second  and 
third  years  on  the  land  which  had  been  sabsoiled  is  bnt 
little  more  than  enough  to  balance  the  decrease  the  first 
season.  At  Sheridaa  there  was  an  increase  in  yield  the 
first  year  of  seven  and  one-half  bnshels  and  the  second  year 
of  twelve  and  one-half  bushels  on  subsoiled  land.  At 
Wheatland  and  Sundance  the  increase  on  subsoiled  land 
was  small  but  was  over  twice  as  much  at  Sundance  as  at 
Wheatland. 

The  results  with  oats  are  given  in  Table  II.  The  length- 
ening of  the  season  for  oats  by  subsoiling  was  more  marked 
than  with  wheat.  At  Sundance  the  oats  on  the  subsoiled 
portion  of  the  plat  seemed  to  be  making  better  growth  dor 
ing  the  first  part  of  the  season  but,  when  harvested.  Super- 
intendent Hoyt  reported  a  smaller  yield  than  was  obtained 
from  the  land  treated  in  the  ordinary  way.  At  Laramie 
the  oats  were  later  in  reaching  maturity  on  the  subsoiled 
land.  It  may  be  stated  that  late  varieties  of  nearly  all  crope, 
if  not  interfered  with  by  frost,  produce  heavier  yields  than 
those  which  require  only  a  short  season  in  which  to  ma- 
ture.  Lengthening  the  growing  season  for  the  same  variety 
would  be  expected  to  increase  the  yield,  but  at  the  high 
altitude  of  the  land  over  a  large  part  of  Wyoming  the  time 
between  late  and  early  frosts  is  comparatively  short  and 
earliness  in  ripening  is  a  most  important  factor.  There 
was  a  slight  increase  in  yield  of  oats  the  first  two  years,  bnt 
the  third  season  the  decrease  in  crop  was  almost  enough 
to  balance  the  gains  of  the  first  two  seasons,  though  whether 
or  not  the  effect  the  third  season  was  due  to  subsoiling  maj 
be  questioned. 

At  Sheridan  there  was  a  loss  of  seventy  pounds  more  of 
oats  the  first  year  than  was  gained  the  second  year  by  sab- 
soiling.  At  Wheatland  there  was  a  small  increase  on  the 
subsoiled  land,  but  the  variation  was  small,  probably  not 
more  than  would  be  obtaihed  on  any  two  plats,  though 
treated  exactly  alike.    To  all  appearances  the  yields  of  oats 
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were  not  materially  influenced  at  any  place  by  subsoiling 
the  land. 


Table  ll.—Subsaiiing  far  Oats, 

Yield  in  Pounds  per  Acre. 


Lakamib. 

Shkri- 

DAM. 

Whbat- 

LAND. 

Sundance. 

Straw. 

Grain. 

Grain. 

Grain. 

Straw. 

Grain. 

/-SubMiled 

««Y«'ia5r!: :::;:: 

4aoo 

3896 

1520 
1345 

WTO 
3860 

1896 
1614 

1960 
2224 

512 
648 

4»2 

175 

290 

184 

366 

iLoss'. 

136 

c        J     rSubsoiled 

'J555 
3378 

1345 
lld4 

151 

2700 
2480 

220 

^^'      (Gain 

177 

/Sabsoiled.  ...          .... 

i'hird     )  Plowed 

3045 
4445 

1302 
1526 

• 

Year.    "^Galn 

800 

224 

ILoss 

Because  of. the  high  altitude  with  the  accompanying  short 
seasons  and  cold  nights,  corn  is  not  grown  at  Laramie,  so 
barley  was  planted  on  one  portion  of  the  subsoiled  plat 
at  this^lace  and  corn  was  grown  at  Sheridan,  Wheatland 
and  Bundance  instead  of  barley.  The  results  with  barley 
and  com  are  given  in  Table  III.  It  is  doubtful  if  any  ef- 
fect on  the  yields  of  barley  one  way  or  another  can  be  traced 
to  the  subsoiling.  The  first  year  there  was  less  straw  and 
more  grain  on  the  subsoiled  land.  The  second  year  this 
was  reversed,  there  being  more  straw  and  less  grain  where 
subsoiled,  and  the  third  year  there  was  aproximately  no 
difference  in  the  production  of  straw,  but  there  was  quite 
a  decrease  in  the  yield  of  grain. 

Subsoiling  for  corn  did  not  pay  at  the  sub-stations  ex- 
cept at  Sundance  where  a  good  increase  in  yield  was  ob- 
tained. At  Sheridan  there  was  quite  a  large  decrease  in 
yield  of  corn  the  first  season,  and  no  difference  the  second 
year.  Superintendent  Lewis  reported  that  the  com  did 
not  mature  as  well  on  the  subsoiled  land.  The  first  year 
the  estimated  yield  on  the  subsoiled  part  of  the  plat  was 
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thirty  buBhels  per  acre,  and  od  the  land  not  BObBoiled  thirty- 
five  bushels  per  acre.  Ten  per  cent,  of  the  com  on  the  land 
merely  plowed  ripened  thoroughly,  while  all  the  grain  from 
the  subsoiled  portiou  of  the  plat  waa  soft  and  immatore. 
The  second  eeason  fifty  bushels  of  mature  and  thirty  bushels 
of  soft  grain  per  acre  were  harvested  from  each  portion  of 
the  plat.  To  compare  with  others  in  the  table,  these  yields 
have  been  reduced  to  pounds  by  using  the  weight  of  seventy 
pounds  per  bushel  for  corn  in  the  ear. 

At  Wheatland  during  the  season  of  1896,  the  supply  of 
water  for  irrigation  was  somewhat  limited,  and  if  the  crops 
suffered  for  water,  as  they  probably  did  to  some  extent,- 
those  on  the  subsoiled  land  would  be  expected  to  have  the 
advantage.  Mr.  M.  B.  Johnson,  the  superintendent,  states 
that  all  the  crops  made  a  better  growth  on  the  subsoiled 
land,  that  they  seemed  to  withstand  drouth  better,  and  that 
the  quality  as  well  as  the  quantity  of  the  product,  indicated 
beneficial  effects  from  subsoiliug.  The  corn  gave  an  in- 
creased yield  of  363  pounds  {mt  acre  on  the  subsoiled  land. 


Table  III. — SubsotHng  for  BarUy  and  Com. 

Yield  in  Pound)  per  Acn. 


Laka 

.... 

Shhi- 

Wkmt-  ]    Si-x-  . 

Burlsy. 

Con.. 

Cora.         CwD. 

Sow.     1     Gnii., 

Gr-in. 

Grain,        Grmin. 

aiM 

13X 

S 

« 

? 

m 

•M    1    sa 

iLo.. 

/Sgb»UnI 

^s- 

ima 

3500 

1 

I^ 

— 

/Si.t«.il«i 

i\m 

2» 

'•"  fe:.;:::;:::::. 
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SnbBoiling  for  Boot  Crops. 

The  fact  that  deep  soils  are  favorable  for  the  growth  of 
roots  is  recognized  everywhere,  and  as  would  be  expected 
subsoiling  produced  more  marked  effects  on  the  yields  of 
TooX  crops  than  it  did  on  grains.  In  Table  IV.,  reporting 
the  results  with  root  crops,  it  will  be  seen  that  in  every 
trial  there  was  increased  yield  from  the  subsoiled  land,  and 
in  &ome  instances  there  are  important  gains.  The  lasting 
effect  of  subsoiling  is  well  brought  out  in  this  table.  All 
the  tables  show  that,  at  Sherman,  where  the  experiment 
ivas  carried  out  two  years,  and  at  Laramie  where  results 
were  obtained  three  seasons,  the  beneficial  effect  of  subsoil- 
ing is  greater  the  second  year  than  it  is  the  season  the  sub- 
soiling  is  done.  This  indicates  that  it  would  be  advisable 
to  subsoil  in  the  fall  rather  than  in  the  spring.  The  third 
year  the  soil  has  probably  become  compacted  again  so  the 
effect  is  much  less  than  it  id  the  first  two  seasons. 

Table  IV. — Su^soifin^ /or  Root  Crops, 

Yield  in  Pounds  p«r  Acre. 


Laramib. 

Shbridan. 

Wheat- 

LAND. 

SUNDANCB. 

1 

2 

o 
0. 

• 

* 

• 

5 
1 

S 

• 

1 
1 

• 

• 

• 

a 

1 

1  Subsoiled 

First  Year.-!  Plowed 

8605 

8»H0 

315 

12858 
10620 

13800 
12600 

2425 
2151 

274 

8302 
8009 

8224 
6960 

1264 

17101 
14841 

1  Gain 



2238 

1200 

293 

2320 

Second    S^^^ 

3672 
2020 

1280:{ 
11(U3 

28700 
24705 

3905 

1052  '     1250 

V"^  |l«'/;:: 

0940 
(W65 

5450 
4522 

Y*"-      (Gain 

75 

92H 

•- 

■|           1 

POTATOES — At  Laramie  the  potatoes  planted  the  first 
year  failed  to  grow  because  the  soil  was  too  dry.  The  second 
and  third  years  the  stand  was  poor  and  small  yields  were 
obtained,  but  there  was  a  good  increase  of  crop  on  the  sub- 
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soiled  land.  In  Table  IV.  only  the  yields  of  potatoes  which 
were  of  sufficient  size  for  market  are  reported.  The  pro- 
portion of  large  and  small  tubers  on  the  two  kinds  of  ground 
and  the  increase  in  size  on  the  subsoiled  land  is  of  interest. 
Table  V.  gives  the  yields  of  large  and  small  potato€^s^  the 
percent  marketable  and  the  weight  of  the  largest  twelre 
tubers  from  each  portion  of  the  plat  at  Laramie  in  1897 
and  1898.  The  difference  in  yield  in  1898  is'  small  and 
there  was  practically  no  difference  in  the  size  of  the  pota- 
toes, indicating  that  little  effect  on  this  crop  was  produced 
by  the  lower  soil  having  been  loosened  up  three  years  be- 
fore. The  second  season  after  subsoiling,  however,  there 
was  not  only  a  large  increase  in  the  yield,  but  in  the  site 
of  the  tubers  as  well. 


Table  V.  —  E^ect  of  Subsoiiinz  on  Size  of  Potatoea. 

at  Laramie,  Wyo. 


• 

1897. 

1M)8. 

Yield. 

Percent 
Market- 
able 

Weight 

largest 
twelve. 

Yield 

1 

PeTC«it  1  * j** 
maiicei-    Va,wai 

Large. 

Small. 

I-arge. 

Small 

Subsoiled 

Plowed 

Ht)72 
2fil.'0 

1052 

~1552~ 
1600 

m 

70.3 
61.2 

P.l 

5.1 
4  5 

«>40         2417 
6865    ,    2212 

74  2    '     4  5 
75.5    ;      4< 

Gain 

0.6 

75 

205 

At  Wheatland  the  subsoiling  produced  little  effect  on 
potatoes.  The  increase  in  yield  of  marketable  potatoes  was 
only  274  pounds.  Of  the  entire  crop  62.8  percent  weri* 
marketable  on  subsoiled  land,  and  on  the  land  not  sab- 
soiled  the  marketable  tubers  were  63.6  per  cent  of  the  whole 
crop.  At  Sheridan  and  Sundance  the  small  potatoes  wen? 
not  reported,  but  at  Sheridan  the  largest  12  tubers  from 
subsoiled  land  weighed  six  and  one-half  pounds  and  from 
plowed  land  six  pounds. 

ST'GAR  BEETS— Subsoiling  gave  satisfactory  increase 
in  yields  of  ^ugar  beets  at  every  place  except  Sheridan.    At 
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Laramie  the  increase  in  size  of  the  beets  is  worthy  of  special 
mention.  Not  only  were  the  largest  twelve  very  different, 
from  the  two  plats,  but  the  average  size  of  the  roots  was 
much  larger  on  the  deep  soil.  In  1897  the  largest  twelve 
roots  from  the  subsoiled  plat  weighed  nineteen  pounds  and 
from  the  plat  not  subsoiled  twelve  roots  weighed  eleven 
pounds.    In  1898  the  difference  was  less. 

Twelve  of  the  largest  beets  from  the  subsoiled  plat 
weighed  in  the  aggregate  seven  and  one-half  pounds  and 
from  the  plowed  land  six  and  one-half  pounds.  Analysis 
of  the  beets  showed  slightly  better  results  from  the  land 
not  subsoiled.  Beets  from  subsoiled  land  contained  19.7 
percent  sugar  and  had  a  purity  of  88.2,  while  those  from 
the  adjoining  plowed  land  contained  20.3  percent  sugar 
and  had  a  purity  of  92.7.*  The  analyses  were  made  from 
the  crop  of  1897,  the  second  year  after  subsoiling. 

SXJBSOILINa,  IBBIGATION  AND  SOIL  MOISTURE. 

The  subsoil  plats  were  small,  and  as  it  was  necessary  to 
treat  the  crops  alike  on  both  parts  of  the  plat,  it  was  im- 
possible to  measure  the  amount  of  water  used  on  each  por- 
tion. An  experiment  was  carried  out  with  different 
amounts  of  water  on  the  potatoes  growing  on  the  subsoiled 
land  in  1897.  Measurements  were  made  of  the  total  amount 
of  water  used  on  the  plat,  one  half  of  which  was  subsoiled 
and  al«o  on  another  subsoiled  plat,  and  we  are  able  to  com- 
pare these  measurements  with  the  amount  of  water  used 
on  other  fields.  During  the  season  of  1897  the  Physicist 
made  a  series  of  moisture  determinations  on  the  different 
soils  and  published  the  results  in  Bulletin  No.  35,  a  resume 
of  which  is  shown  in  the  accompanying  diagram.  These 
obseiTations  enable  us  to  draw  some  conclusions  in  relation 
to  the  soil  moisture  and  the  use  of  irrigation  water  on  such 
deeply  tilled  soils  at  Laramie. 

In  1896  the  barley,  oats  and  wheat,  were  irrigated  twice, 

•See  Wyoming  Station  Bulletin  No.  I'A.  Page  197. 
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on  the  acre  of  land  one-half  of  whicb  was  subsoiled.  At 
the  first  irrigation  on  July  2.  enough  water  was  applied  to 
<;oTer  the  land  11.4  inches  deep  *and  at  the  second  irrigation 
enough  water  was  applied  to  cover  the  land  6.12  inches 
deep,  or  a  total  depth  for  these  crops  of  17.52  inches.  The 
precipitation  for  the  year  was  10.75  inches  of  which  4.75 
inches  fell  during  the  months  of  May,  June,  July  and  August. 
This  gave  a  total  of  22.27  inches  for  the  growing  season  or 
28.22  inches  of  water  for  the  year.  The  same  year  whest 
and  oats  on  other  fields  received  enough  water  by  irriga- 
tion to  cover  the  land  to  a  depth  of  14.88  inches,  and  bariej 
>  received  14.52  inches  of  water,  showing  that  enough  more 
water  was  applied  to  the  acre,  one-half  of  which  was  sub- 
soiled,  to  cover  the  whole  plat  three  inches  deep.  If  thi* 
was  due  to  the  effect  of  subsoiling  it  means  a  requirement 
of  six  inches  more  water  on  the  subsoiled  land.  Unfor 
tunately  the  record  of  measurements  of  water  on  the  sub- 
soiled  plat  was  broken,  so  it  cannot  be  reported  for  1897,  but 
in  1898,  trustworthy  measurements  were  secured.  The  wheat 
oats  and  barley  were  irrigated  twice.  On  June  24,  enoogb 
water  was  applied  to  cover  the  land  11.52  inches  deep,  and 
July  13  enough  water  to  cover  it  9.12  inches  deep  or  a  total 
of  20.64  inches.  Including  the  rainfaU,  the  land  receiTed 
enough  w^ater  during  the  growing  season  to  cover  it  to  a 
depth  of  25.22  inches,  and  in  the  year  28.26  inches.  It  is 
not  possible  to  draw  conclusions  in  regard  to  the  effect  of 
the  subsoiling  on  this  plat  in  1898,  as  other  crops  of  the 
same  kind  received  varying  quantities  of  water,  some  more 
and  some  less  than  this  amount.. 

On  another  plat,  however,  which  was  sul>8oiled  in  the 
spring  of  1898  and  planted  to  oats,  the  amount  of  watff 
used  in  irrigation  was  very  large.  The  land  was  irrigated 
twice.  At  the  first  irrigation  on  June  27,  enough  water 
was  used  to  cover  the  land  30.84  inches  deep,  and  all  of  it 
was  absorbed  by  the  soil.  At  the  second  irrigation,  July 
11,  enough  was  used  to  cover  the  land  13.44  inches  deep. 
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making  a  total  for  the  season  of  44.48  inches,  or  3.69  feet. 
Including  the  rainfall,  this  gave  a  depth  of  water  brought 
to  this  land  in  the  year  of  51.91  inches  or  for  the  growing 
seaaon  of  48.47  inches.  The  amounts  of  water  used  on  other 
plats  of  grain  in  1898,  was  1.90  feet  on  one  Held  of  oats,  2.58 
feet  for  oats  on  sod,  1.55  feet  for  oats  and  cultivated  grain, 
2.70  feet  for  one  plat  of  barley,  1.74  feet  for  one  plat  of 
wheat  and  oats^  and  3.63  feet  for  one  field  of  wheat,  which 
was  irrigated  three  times  and  given  an  unusual  amount  of 
water. 

The  illustration  of  five  feet  of  soil  on  the  Experiment  Sta- 
tion is  made  from  a  photograph  taken  one  year  after  the 
subsoiling  was  done.  The  upper  eight  inchee  of  dark  boil 
is  the  portion  turned  over  each  year  by  the  plow.  The  nfext 
six  or  eight  inches  of  subsoil  shows  the  effect  of  having 
been  loosened  by  the  subsoil  plow,  leaving  it  poms.  On 
the  native  plains  the  soil  below  the  first  one  or  two  fefet 
may  not  have  been  wet  for  ages,  as  the  natural  rainfall  ie 
not  sufficient  to  wet  more  than  the  first  few  inches  of  sur- 
face, and  there  is  practically  no  difference  in  composition 
between  the  surface  and  subsoil.  Breaking  up  the  layer 
which  is  compacted  by  the  plow  in  the  bottom  of  the  furrow 
gives  the  water  a  new  reservoir  below  the  plowed  land  and 
affords  a  means  of  escape  by  seepage,  which  would  account 
for  the  large  amounts  necessary  to  soak  it  up  when  irrigated 
and  perhaps  also  for  easy  dissemmination  and  loss  of  the 
moisture  afterwards. 

In  1898  the  potatoes  on  the  plat,  one-half  of  which  was 
subsoiled,  were  divided  into  two  parts.  One  part  was  ir- 
rigated twice,  using  only  a  small  amount  of  water  each 
time  and  the  other  part  was  irrigated  three  timee.  Thoee 
irrigated  twice  received  enough  water  to  cover  the  land 
2.04  inches  deep  on  July  28,  and  1.56  inches  deep  on  August 
4.  The  ones  irrigated  three  times  received  the  first  irriga- 
tion on  July  7,  when  enough  was. applied  to  cover  the  land 
10.20  inches  deep.    At  the  other  two  irrigations  they  were 
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given  the  same  amounts  as  the  potatoes  which  were  irri- 
gated but  twice.  The  results  are  given  in  Table  VI.,  which 
shows  the  amount  of  water  applied  and  the  yields  on  land 
subsoiled  and  not  subsoiled. 

Table  VI. — Poidtoes  with  Two  and  Three  Irrigations  an  Subsoiled  Land. 

Laramie,  Wyo.,  1S96. 


Total 

amount  of 

water 

applied. 

Inches. 

Irrigated  twice  .   .  - 

Irrigated  three  times 

3.0 
1H.8 

Increase 

10.2 

Yield  on 

land 
plowed. 
Founds. 


49?2 

K7!iO 


3787 


Yield  on 
subsoiled 

land. 
Pounds. 


Average 

yield. 
Pounds. 


I 


mr  eigne    of  nr  eiglit  flf 

largest 

twelve 
plowed.     SnfasoJkd. 
Poondft.       Founds. 


5290 
8601 


.5131 

8675 


3901 


VM 


3.6 
5.<S 


2.0 


3.9 
5.3 


1.4 


This  shows  an  increase  due  to  the  increased  amount  of 
water  applied,  of  over  seventy-six  percent  on  plowed  land, 
and  sixty-two  percent  on  subsoiled  land,  the  average  in- 
crease being  about  sixty-nine  per  cent.  The  fact  that  in- 
creased  water  applied  in  irrigation  did  not  increase  the 
crop  as  much  on  subsoiled  land  as  on  the  land  which  was 
plowed  is  in  favor  of  the  subsoiled  land  as  it  indicates  that 
the  crop  actually  needed  less  water  to  produce  the  same 
yield.  This  may  be  true,  as  the  variation  is  small  and  may  be 
accidental,  and  it  is  possible  and  probable  that  more  water 
was  actually  absorbed  by  the  subsoiled  portion  when  irri- 
gated. It  is  unfortunate  that  we  are  not  able  to  make  a 
like  comparison  the  first  and  second  seasons  after  subsoil- 
ing. 

If  moisture  comes  to  the  soil  during  any  part  of  the  year, 
the  friends  of  subsoiling  claim  that  it  is  retained  and  made 
more  available  to  the  crop.  The  study  of  the  moisture  in 
the  soil  of  the  different  plats  at  Laramie  in  1897,  which  was 
made  by  the  Department  of  Physics,  does  not  seem  to  bear 
out  such  statement.  The  accompanying  chart  illastrates 
the  difference  in  moisture  content  of  the  soils  on  sod  land, 
on  land  which  was  plowed  in  the  usual  way  and  on  the  sub- 
soiled  land.    The  determinations  of  moisture  were  made 
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daily  and  these  have  been  averaged  for  each  month.    The 
samples  were  taken  to  the  depth  of  one  foot  by  driving 
tubes  about  one  inch  in  diameter  into  the  soil.    On  the 
loose  ground  some  of  the  soil  might  be  driven  down  in  front 
of  the  tube  instead  of  entering  it,  but  the  samples  were 
carefully  taken  and  no  effect  of  the  kind  was  noted.    The 
vertical  black  lines  in  the  chart  represent  the  average  per- 
cent of  moisture  in  the  soil  which  is  also  expressed  in  fig- 
ures at  the  top  of  each  column.    The  last  three  columns  at 
the  right  represent  the  average  percent  of  moisture  for  the 
summer.  The  lowest  moisture  content  observed  was  2.52  per- 
cent in  sod  land,  September  24.  The  highefrt  percent  observed 
was    22.25  on   the   land   plowed   but    not    subsoiled   and 
immediately  after  irrigating  it.    The  amount  dropped  to 
19.7  percent  the  second  day,   and   to  15.76  percent   the 
third  day.    On  the  subsoiled  part  of  the  plat  after  irrigat- 
ing the  percent  was  21.15  the  first  day,  21.76  the  second  day, 
decreasing  to  16.23  the  third  day  after  applying  the  water. 
There  is  little  difference  in  the  average  moisture  of  the  sur- 
face soil  on  the  plowed  land  and  that  subsoiled,  but  what 
difference  there  is  shows  less  moisture  on  the  subsoiled 
land  throughout  the  summer.     These  facts  indicate  that 
more  water  was  needed  at  Laramie  to  irrigate  subsoiled 
land  and  less  of  it  was  retained  by  the  surface  soil  for  the 
use  of  the  plants  growing  thereon.     It  is  possible  there^was 
more  water  in  the  soil  below  the  depth  of  these  samples  on 
the  subsoiled  plat,  but  the  difference  was  not  great  enough 
to  produce  marked  effects  on  the  cro[>s.     At  Sheridan  the 
Superintendent  states  that  more  water  was  required  at  the 
first  irrigation  and  less,  at  the  s(»cond  on  the  subsoiled  land. 
At  Wheatland  the  crops  seemed  to  be  less  affected  by  drouth 
where  subsoiled.     This  may  have  been  due  to  an  excess  of 
water  absorbed  by  the  subsoiled  land  when  it  was  irrigated. 
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DOES  SUBSOILING  PAY  ? 

The  test  of  the  advisability  of  any  operation  on  the  farm 
lies  in  the  final  result  measured  in  dollars  and  cents.  Sub- 
soiling  is  an  expensive  operation  which  more  than  doubles 
the  ordinary  cost  of  preparing  the  land  for  the  crop  by  plow- 
ing. The  cost  of  subsoiling  will  vary  with  the  condition 
of  the  soil  and  the  price  of  labor.  The  cheapest  it  could 
be  done  on  large  areas,  and  thoroughly  done  as  in  these 
experiments,  would  be  at  a  cost  of  not  less  than  three  dol- 
lars per  acre.  Where  we  broke  up  the  subsoil  to  a  depth  . 
of  fourteen  to  sixteen  inches,  on  small  plats  the  expense 
was  five  or  six  dollars  per  acre.  Unless  it  increases  the 
yield,  improves  the  quality  and  therefore  the  value  of  the 
crop,  or  reduces  the  expense  of  producing  it,  or  requires 
less  water  sd  the  same  supply  will  irrigate  more  land,  the 
practice  of  subsoiling  cannot  be  recommended  as  one  to  be 
adopted  on  the  farm. 

Referring  to  Table  I.  in  which  the  yields  of  wheat  on  sub- 
soiled  land  and  on  land  prepared  in  the  ordinary  way  are 
compared,  it  is  evident  that  the  accumulated  increase  for 
three  seasons  at  Laramie  would  not  pay  the  expense  of 
one  subsoiling.  At  Sheridan  the  increase  of  450  pounds 
of  wheat  per  acre  the  first  year  and  750  pounds  the  second 
due  to  subsoiling  would  give  a  total  value  of  twelve  dollars 
per  acre  more  from  the  subsoiled  land.  If  the  subsoiling 
cost  four  dollars  per  acre  more  than  the  ordinary  expense 
of  plowing,  the  margin  of  T)rofit  is  large  enough.  Even 
though  we  allow  for  a  fconsiderable  increase  in  yields  the 
second  year  at  Wheatland  and  Sundance,  subsoiling  would 
not  pay  for  wheat  in  these  localities. 

The  results  with  oats  as  given  in  Tablf*  II.  do  not  show 
any  marked  or  uniform  improvement  in  the  crop.  So  far 
as  our  ex[;eriments  may  be  relied  upon  as  showing  the  true 
eflfects  of  subsoiling  in  this  state,  the  indications  are  that 
it  will  not  pay  to  so  prepare  the  soil  for  oats.    The  same 
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statement  may  be  made  for  barley  and  corn  unless  it  be  at 
Sundance,  where  the  increase  the  first  year  and  the  proba- 
bility that  there  would  also  be  a  like  increase  in  the  crop 
the  second  year,  indicate  that  subsoiling  for  com  might  pay 
in  that  region. 

Subsoiling  for  root  crops  did  not  give  a  return  the  first 
year  at  Wheatland,  large  enough  to  pay  the  cost,  though 
the  quality  of  the  crop  was  improved  and  the  increase  the 
second  season  might  leave  a  profit.  At  Laramie  the  in- 
crease in  the  potato  crop  the  second  year  (see  Table  IV. 
page  11),  would  be  worth  f  10.50  to  |13.00  at  the  local  mar 
ket  price.  On  the  Sheridan  farm  the  increased  yield  of. 
potatoes  the  first  year  was  worth  from  |11  to  f20,  and  at 
Sundance  from  |6  to  tl2,  depending  on  the  ftiarket  pri<«. 
The  value  of  sugar  beets  for  stock  food  would  make  the  in- 
creased yields  from  subsoiled  land  at  Laramie,  Sheridan 
and  Sundance  profitable.  As  a  rule  we  believe  that  sub- 
soiling  for  root  crops  will  bring  a  pi'ofitable  return. 

Whether  or  not  subsoiling  will  pay  depends  largely  on 
local  conditions  and  the  kind  of  crop.  Before  adopting  »> 
expensive  a  system  of  tillage  the  fanner  should  satisfy  him- 
self in  regard  to  whether  it  will  bring  a  profit  on  his  land 
by  making  small  trials.  Our  results  can  not  be  said  to  in 
dicate  that  subsoiling  in  regions  which  depend  on  irrigation 
will  materially  assist  in  saving  the  moisture  or  make  ir> 
rigation  less  necessary.  It  is  true  that  subsoiling  a^v 
parently  mitigated  the  effects  of  drought  somewhat  in 
Wheatland,  though  the  increase  in  the  value  of  the  crop 
was  not  sufficient  to  pay  for  the  expense  incurred.  It  i*^ 
possible  that,  where  water  for  irrigation  is  scarce,  and  other 
conditions  are  favorable,  subsoiling  might  make  the  watpr 
which  is  available  go  farther  in  maturing  a  crop,  though  ve 
have  been  unable  to  prove  any  valuable  saving  of  moisture 
where  the  subsoil  is  made  poms. 
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SUMMABT. 

The  expense  of  snbsoiling  to  depths   of    sixteen    or 
eighteen  inches  is  from  three  to  six  dollars  per  acre. 

SnbsoiliQg  is   probably   more   valuable  in   semi-arid   or 
hnmid  regions  than  where  irrigation  is  practiced. 

The  effects  of  once  suibsoiling  the  land  may  continue  for 
three  or  more  years  and  under  our  conditions  are  more  ap-* 
parent  the  second  season  after  the  snbsoiling  is  done  than 
they  are  the  first. 

If  subsoiling  is  to  be  practiced,  we  recommend  doing  it 
in  the  fall. 

Snbsoiling  does  not  produce  a  uniform  effect  on  the 
grains.  Under  certain  conditions  it  may  pay  for  wheat 
raised  by  irrigation.  We  have  not  found  it  profitable  for 
oat«,  barley,  or  com. 

Grain  takes  longer  to  mature  on  subsoiled  land.  At  high 
altitudes  where  the  season  is  comparatively  short  it  is 
doubtful  if  subsoiling  for  grain  is  advisable. 

The  quantity  and  quality  of  root  crops  are  greatly  im- 
proved by  subsoiling  the  land.  Subsoiling  can  be  generally 
recommended  in  this  state  for  potatoes. 

Under  our  conditions  subsoiling  has  increased  the  amount 
of  water  needed  to  irrigate  the  land  and  apparently  is  of 
little  value  in  conserving  moisture.  However,  if  no  water 
could  be  applied  by  irrigation  during  the  summer,  the  fill- 
ing with  moisture  in  the  winter  or  spring  by  rainfall  or  ir- 
rigation of  the^reservoir  formed  by  subsoiling,  would  be 
beneficial. 
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AVEN    NELSON. 


INTRODUCTION. 

There  are  herds  and  flocks  on  a  thousand  hills.  These 
are  one  of  the  great  sources  of  Wyoming's  wealth.  Though 
events  go  to  prove  that  we  must  more  and  more  become 
an  agricultural  people,  yet  for  years  to  come  the  most  re- 
munerative agriculture  must  be  that  which  finds,  in  the 
stock  interests  of  the  state,  its  reason  for  being.  Thous- 
ands of  horses,  tens  of  thousands  of  cattle  and  hundreds  of 
thousands  of  sheep  feed  within  our  vast  domain.  Can  the 
number  now  supported  be  increased?  If  not,  then  the 
stock  industry  has  reached  its  maximum  development. 

If,  as  has  been  asserted,  our  ranges  will  no  longer  sus- 
tain the  princely  herds  of  the  days  of  the  "cattle  kings," 
then  we  are  no  longer  occupying  one  of  the  important  van- 
tage points  of  the  state's  material  greatness.  That  the 
methods  followed  in  the  management  of  the  stock  industry 
have  materially  changed  admits  of  no  question.  The  pres- 
ent status  has  been  evolved  from  the  early  conditions  in 
which  chance  and  speculation  played  so  important  a  part. 
In  the  early  days  comparatively  few  men  were  able  to 
launch  out  into  so  deep  a  sea  or  even  cared  to  venture  on 
such  a  perilous  voyage. 

Herds  numbering  thousands  of  head  roamed  over  hills 
and  plains  with  no  supervision  except  the  semi-annual 
"round-up"  for  branding  or  for  "cutting  out"  those  animals 
fit  for  market.  Furthermore,  even  thi«  supervision  was 
largely  that  of  the  hireling,  the  owner's  eye  being  too  often 
absent  and  his  will  too  often  easily  evaded. 
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With  no  provision  for  caring  for  the  stock  dnring  un- 
favorable winters  (those  with  heavy  snowfall  or  following 
a  season  of  drought),  whole  herds  were  decimated  manv 
times  over  and  the  fabulous  profits,  which  had  been  so  al- 
luring, were  swept  away. 

8uch  experiences  have  wrought  and  are  still  working 
their  own  reform.  The  speculative  features  are  ^ving 
place  to  sounder  business  principles  and  the  incomes,  while 
leas  alluring,  are  far  more  certain. 

The  product  of  this  evolution  is  smaller  herds  in  th** 
hands  of  many  owners,  more  personal  and  interested  super- 
vision, provision  for  the  care  and  feeding  of  stock  during 
inclement  weather  and  individual  control  of  land  either  by 
purchase  or  lease.  Are  these  conditions  such  as  would 
tend  to  diminish  the  stock  supporting  capacity  of  the 
state?  It  would  hardly  seem  so.  The  replacing  of  the  bo- 
nanza business  by  everyday  prosperity  must  multiply  even 
the  best  of  the  former  results. 

It  may  seem  at  first  sight,  as  if  the  enclosing  of  most 
of  the  irrigable  land«  is  simply  thus  to  withdraw  from  the 
available  pasture  lands  those  of  greatest  worth.  Let  it  he 
remembered,  however,  that  irrigation  increases  the  prodac 
tiveness  of  these  lands  many  fold  and  the  increasd  product 
is,  in  most  cases,  a  direct  addition  to  the  stock-supporting 
capacity  of  the  lands.  Not  only  are  the  products  of  thesi* 
irrigated  lands  generally  made  to  contribute  directly  to  tht* 
support  of  the  stock,  but  it  is  forage  secured  and  preservt^d 
at  a  time  when  the  open  range  furnishes  an  abundance,  and 
fed  out  when  this  resource  is  no  longer  .idequate.  It  will 
be  seen  that  instead  of  decreasing  the  aniount  of  sto<*k  in 
the  state,  the  establishment  of  homes  and  farms  ought  to 
magnify  the  business  in  proportion  to  the  increased  yield 
of  the  lands,  and  that  the  profits  ought  to  be  enlargtni  by 
reason  of  the  decreased  losses.  Whether  we  shall  actually 
experience  these  results  or  not  depends  largely  upon  the 
way  in  which  we  use  our  resources.    A  proper  appreciation 
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of  the  native  forage  plants  and  a  discriminating,  common- 
sense  use  of  the  pasture  lands  of  the  state  must  govern  us. 

Probably  it  is  true  that  the  quality  and  kind  of  native 
forage  is  not  identical  with  that  of  former  years,  since 
some  species  are  less  able  than  others  to  endure  the  heavy 
pasturing,  the  close  cropping  and  the  constant  trampling 
to  which  they  are  subjected.  In  over-irrigation  and  in  un- 
wise methods  in  the  application  of  water  we  find  other 
causes  for  the  extinction  of  some  species.  Indiscriminate 
flooding  drives  out  many  valuable  grasses  which  are  re- 
placed by  rushes  and  sedges,  less  valuable  but  for  the  fact 
that  the  vield  is  enormously  increased  above  that  of  the 
unirrigated  tracts. 

If  this  extipction  occurs  in  soils  in  which  other  hardier 
species  do  not  readily  replace  them  it  is  a  loss  that  must 
ultimately  seriously  affect  the  total  forage  resources  unless 
it  is  met  by  adequate  counteracting  influences. 

How  the  range  may  be  kept  Up  to  its  old  value  is  an 
important  question,  but  how  it  may  be  improved  is  even 
more  so.  These  are  questions  involving  so  many  factors 
that  their  full  discussion  does  not  fall  within  the  province 
of  this  bulletin,  but  a  clearer  idea  of  what  is  here  aimed  at 
may  be  had  if  we  roughly  classify  and  briefly  characterize 
certain  forage  areas. 

FORAQE  AREAS. 

The  distinctive  regions,  which  are.  utilized  for  pasture, 
in  so  far  as  native  plants  are  concerned,  are  three.  These 
each  have  their  season  and  their  peculiar  advantages  and 
disadvantages. 

Mountain  Areas. 

This  term  is  meant  to  include  all  tracts  of  country  ly- 
ing at  an  elevation  of  8,500  feet  or  more.  Mountain  slopes, 
open  or  partly  wooded,  alpine  parks,  and  even  the  seeming- 
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Iv  naked  summits  become  liixiiriantlv  clothtnl  for  a  f(*w 

«  •- 

weeks  with  nutritious  grasses.  The  always  abundant  mois 
ture  ensures  a  certain  crop  and  the  flowing  stream  is  nev 
er  far  to  seek  for  the  thirstv  cattle.  July  and  August  are 
the  safe  months  in  these  situations  which  are  of  little  value 
later  in  the  vear.  Earlv  snows  soon  make  the  stations  un 
tenable  and  the  hard  freezes  of  the  lengthening  nights  con 
vert  the  succulent  grasses  into  dead  mats  of  little  value. 
Little  can  be  done  looking  to  the  improvement  of  these 
areas.  Here  Nature  must  take  her  own  course  and  we  can 
only  aid  her  by  not  taxing  her  resources  too  heavily.  Over 
stocking  this  kind  of  range,  where  the  climatic*  conditions 
Rve  such  that  mature  stHMi  is  produced  but  sparingly  under 
the  most  favorable  conditions,  is  simply  to  rob  ourselves  of 
our  own  heritage. 

We  are  further  confronted  with  our  responsibility  to 
these  areas  on  account  of  their  relation  to  the  water  supply 
of  the  plains  below.  Whether  it  be  Forest  Reserve  or  gen- 
eral public  domain  we  are  interested  in  maintaining  the  for 
est  cover  for  the  retention  of  the  winter  snows  and  the  con- 
servation of  the  resultant  moisture.  Heavy  pasturing  can 
not  fail  to  ultimately  seriously  afl'ect  the  renewal  of  the 
forest  growth. 

Hill  Country. 

Throughout  the  state  at  intervals  occur  ranges  of  hills, 
either  only  partly  wooded  or  wholly  denuded.  Broad  vai 
leys,  rounded  summits  and  undulating  foot-hills  give  per- 
fect drainage  to  these  fairly  well-watered  areas.  They  may 
be  said  to  include  all  those  portions  of  the  state  lying  below 
an  altitude  of  8,500  feet,  except  the  plains  discussed  below. 
Being  well  drained,  these  areas  are  reasonablv  free  from  al- 
kali.  In  the  broader  valleys  may  occur  considerable 
stretches  which  are  capable  of  being  irrigated.  In  th»*s^ 
localities  it  is  possible  to  materially  increase  the  forajre 
product  either  by  furnishing  more  favorable  conditions  for 
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the  native  plants  or  by  introducing  more  productive  spe- 
<;ie8.  However,  these  hill  lands,  as  a  whole,  do  not  lend 
themselves  readily  to  any  schemes  for  their  improvement. 
<:;ultivated  and  irrigated  with  difficulty  our  treatment  of 
them  must  be  protective  rather  than  constructive.  Over- 
stocking should  be  avoided  and  periods  of  rest  should  al- 
ternate with  periods  of  use. 

This  kind  of  range  is,  perhaps,  in  proportion  to  area,  the 
most  valuable  that  the  state  affords.  Whether  it  is  more 
desirable  as  summer  or  as  winter  range  depends  upon  its 
particular  location  in  the  state  and  upon  its  exposure,  fac- 
tors which  decide  its  relative  climatic  condition.  Areas 
eminently  satisfactory  as  summer  range  may  be  entirely 
iinsuited  for  winter  use  on  account  of  heavy  snow-fall  while 
other  areas  which,  from  lack  of  potable  waters,  are  quite 
worthless  as  summer  range  may  actually  fatten  great  herds 
during  the  winter  months.  The  most  desirable  winter  range 
is  not  necessarily  that  of  scanty  snow-fall  but  rather  one 
whose  topography  is  such  that  the  snow  is,  in  the  main, 
blown  off  of  the  slopes  and  open  areas,  forming  drifts  in 
the  draws  and  under  the  brows  of  the  hills.  These  drifts 
insure  snow  and  water  in  abundance  for  the  stock  when 
water  in  the  ponds  and  creeks  is  not  to  be  had  or  is  unfit 
for  use. 

The  Plains. 

We  thus  designate  any  large  comparatively  level  area. 
The  value  of  plains  as  grazing  lands  depends  upon  many 
factors,  chief  amopg  which  may  be  mentioned  the  amount 
of  rainfall  and  the  character  of  the  soil.  These  are  the  de- 
termining factors  of  the  character  of  the  vegetation  and 
makes  necessary  the  recognition  of  two  kinds  of  areas,  viz.. 
those  which  are  free,  or  nearly  so,  from  alkali  and  those 
^which  are  heavily  charged  with  it. 

NORMAL  PLAINS:  By  normal  plains  it  is  intended  to 
designate  those  whose  soil  has  no  unusual  or  detrimental 
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amount  of  alkali.  The  soil  may  be  of  varying  degrees  of 
fertility  and  the  forage  correspondingly  scanty  or  abundant 
but  no  problems  are  connected  with  these  soils  and  their 
crops  except  those  that  ai*e  common  to  the  arid  west  in  gen- 
eral; 

.  Whether  such  regions  are  most  valuable  as  summer  or 
winter  range  is  determined  by  the  amount  and  character 
of  the  forage  and  of  the  water  supply  for  the  stock.  In 
some  portions  of  the  state  the  plains  become  buried  under 
the  early  winter  snows  while  in  other  parts  nearly  similar 
plains  are  swept  bare  by  the  winds  leaving  an  open  range 
throughout  the  year.  How  to  secure  from  such  lands  the 
best  possible  results  must  be  left  to  be  considered  in  some 
future  bulletin  * 

ALKALI  PLAINS  rThesoil  in  many  portions  of  the  state 
is  heavily  impregnated  with  alkali.  These  tracts  occur  in 
some  of  the  more  arid  portions  of  the  state  as  extended 
plains  or  as  e^xtensive,  shallow  basins;  occasionally,  as  low, 
wet  flats  adjacent  to  streams  and  lakes,  and  now  often  as 
abandoned  stri]js  of  a  once  fertile  ranch.  The  latter  are 
due  to  the»  accumulation  of  alkali  carried  to  the  lands  by 
the.  irrigation  waters  or  leacTied  from  the  soils  of  the  ad- 
jacent slopes*  How  to  secure  from  such  ranch  lands  profit 
able  cix)ps  and  from  the  larger  alkali  districts,  forage  of 
value  are  questions  worthy  of  consideration. 

RELATION  OF  PLANTS  TO  ALKALI.+ 

A  question  needing  full  investigation  is  the  relation  of 
plants  to  alkali  or  other  salts  in  the  soil.  Practif-ally  all 
that  we  know'is  that  some  species  have  adapted  themselves 

toendure  or  even  to  thrive  in  soil  containing  greater  or  less 

. . * 

•The  management  of  pasture  lands  and  of  the  open  range  must  vary  in  mary  re^p-cts. 
Little  can  be  done  for  the  improvement  of  hnds  which  are  not  under  individual  contml.  Dau 
are  being  accumylnted  rej^arding  crop  and  ]>a!tture  grasses  and  the  treatment  that  each  »}»»kf 
ixfivc  to  give  th^  most  favorable  results. 

fThis  and  the  next  two  topic*  have  been  id  part  adapted  from  the  writer's  reptrt  upon  the 
Red  Desert  of  Wyoming. 
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amounts  of  various  salts;  that  the  seeds  of  most  plants  will 
not  germinate  in  alkali  soils  because  they  are  unable  to  ab- 
sorb enough  of  the  denser  water  of  such  soils.  It  has  been 
shown  that  alkali  retards  germination  or  entirely  prevents 
it  in  most  seeds  in  direct  proportion  to  the  amount  of  the 
salt  present  * 

Different  species  even  in  the  same  genus  behave  very  dif- 
ferently in  this  respect;  for  example,  Lambsquarters  {Che- 
Tkopodmm  album)  seeks  a  soil  free  from  salts,  while  for  the 
Glaueousleaf  Lambsquarters  (C  glaucum)  there  can  hardly 
be  too  much.  If  alkali  affects  a  plant  injuriously  it  seems 
to  do  so  throughout  its  whole  development. 

Only  a  few  families  of  plants  contain  species  which  have 
adapted  themselves  to  a  saline  soil.  Easily  first  as  to  the 
number  of  species  in  this  respect  is  the  Goosefoot  Family 
(Chenopodiacea^e).  To  this  belongs  a  large  number  of  dis 
tinctively  alkali  plants,  such  as  the  Salt-sages,  White-sage, 
Greasewood,  Russian-thistle,  Australian  Saltbuah,  etc.  All 
of  the  native  forage  plants  that  are  tolerant  of  alkali  ar.* 
contained  in  about  a  half  dozen  families.  Besides  the  one 
already  mentioned  the  next  most  important  are  the  Grass 
family  (only  a  few  species)  and  a  few  species  in  the  Sedg.^, 
the  Rush,  the  Thistle  (Compositae)  and  the  Pea  families. 

VALUE  OF  ALKALI  PLANTS  AS  FORAGE.t 

The  notion  that  often  prevails  that  the  small  shrubs  and 
weedy-looking  plants  of  alkali  lands  have  little  forage  val- 
ue is  an  error.  Inferior  they  may  be  to  some  of  the  choic- 
est grasses  but  they  are  equal  to  many  of  the  grasses  and 
hedges  that  are  cut  for  hay.  As  winter  forage  they  are  far 
superior  to  most  of  the  grass  like  plants  after  frosts  have 

•Bulletin  29.  Wyaming  Expt.  Station,  by  Prof  B.  C.  Bufftim. 

fFor  an  excellent  summary  of  what  is  known  of  the  relation  of  plants  to  alkali,  and  of  the 
value  of  alkali-tolerann  forase  plants,  see  Forage  Plants  for  Cultivation  on  Alkali  Soils,  by  Jared 
(*.  Smith,  in  Yearbook  of  Ueoartment  of  Agriculture  for  181)8.  The  Experiment  Station  of  the 
University  of  of  California  has  also  studied  exhaustively  many  of  the  questions  pertaining  to  al- 
kali soils  and  the  plants  adapted  to  them. 
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struck  these  down.  As  proof  of  this  note  the  magnificent 
results  that  are  attained  in  the  Red  Desert*  the  great  win- 
ter pasture  of  Wyoming.  If  the  winters  are  not  too  severe- 
ly cold  nor  the  snow  too  deep,  all  kinds  of  stock  not  only 
subsist  upon  these  plants  but  actually  remain  in  good  flesh 
throughout  the  winter.  These  plants  are  much  more  suc- 
culent than  appearances  would  indicate.  Grow^ing  on 
strongly  saline  or  alkaline  soils,  the  Salt-sages  and  many 
other  plants  take  up  these  salts  in  such  quantity  that  one 
readily  detects  them  on  tasting  even  a  small  fragment  of  a 
leaf.  Stock,  feeding  upon  such  plants,  secures  the  neces- 
sary amount  of  salt  from  the  food,  so  that  the  salting  of 
stock  that  must  be  resorted  to  during  the  months  when  the 
animals  are  feeding  upon  the  mountain  grasses  is  wholly 
unnecessary. 

INGEEASINQ  THE  FOBAGE  SUPPLT. 

In  the  earlier  paragraphs  of  this  bulletin,  attention  was 
called  to  the  fact  that  the  expansion  or  even  the  mainte- 
nance of  the  present  stock  industry  is  dependent  upon  the 
possibility  of  increasing  the  total  amount  of  forage.  No  at 
tempt  will  be  made  to  show  how  this  may  be  done  except  as 
to  the  forage  of  our  alkali  lands.f  On  the^Jarge  areas  of  these 
not  much  may  be  hoped  for  by  the  expenditure  of  any  ordi 
nary  effort  or  means  but  nature  will  here  do  much  to  bring 
about  the  desired  result.  According  to  the  best  informat'on 
obtainable  from  many  of  our  closest  observers,  the  amount 
of  forage  i)roduced  each  year  is  perceptibly  increasing  in 
some  of  the  largest  alkali  areas  of  the  state.  In  these  lo- 
calities the  forage  chiefly  depended  upon  is  shrubby  in  its 
character.  The  cutting  down  to  the  ground  of  such  vegeta- 
tion enormously  increases  the  number  of  annual   shoots. 


*For  a  full  discussion  of  the  alkali  foraee  of  the  Red  Desert  of  Wyoming  see  the  writer's 
report  to  the  U.  S.  Dept.  ot  Agriculture,  published  n«  bulletin  13  of  the  Div.  of  Agrostology. 

t  Probably   in  some  futuie   bulletin  the  character  of  the  furage  and  the  means  for  its  im- 
provement on  lands  tree  from  alkali  may  be  discussed. 
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From  winter  to  winter  this  shrubby  vegetation  has  been 
browsed  clown  ('loser  and  closer  to  the  woody  bases  of  the 
plants,  until  now  the  tender  annual  shoots  are  produced  in 
much  greater  abundance.  The  effectiveness  of  this  brows- 
ing is,  of  coui-se,  dependent  upon  the  region  being  used  as  a 
winter  pasture  only,  giving  time  for  growth  and  recovery 
each  summer.  If  we  so  treat  alkali  plants  of  the  greater 
plains  that  they  shall  have  a  chance  to  increase  where  they 
already  occur,  introduce  them  into  the  saline  soils  where 
they  are  not  now  found  and,  if  possible,  irrigate  those  that 
will  respond  to  this  attention  by  an  increased  yield,  we  shall 
see  a  marked  difference  in  the  stock-supporting  capacity  of 
the  state. 

Much  can  be  done  to  make  profitable  the  enclosed  lands 
that  originally  were  alkali  lands  or  have  become  so  through 
irrigation.  Though  they  are  generally  considered  worth- 
lens,  yet  highly  satisfactory  returns  may  be  secured  from 
them  if  they  can  be  successfully  seeded  to  alkali-tolerant 
plants.  The  kind  of  plants  introduced  will  determine 
whether  the  crop  may  best  be  harvested  or  left  on  the 
ground  as  winter  pasture. 

The  following  brief  list  contains  only  such  plants  as  are 
known  to  be  more  or  less  tolerant  of  alkali.  Each  is  discuss- 
ed with  respect  to  this  quality  and  as  to  its  value  as  forage. 
Introduced  plants  that  have  proven  of  more  or  less  value  in 
some  other  places  on  alkali  soils  might  be  given  but  it  is  be- 
lieved that  the  native  forms  are  quite  as  likely  to  give  favor- 
able I'esults,  under  the  conditions  existing  here,  as  any  of 
of  the  introduced  ones. 

THE  SALT-SAGES. 

Among  the  plants  suitable  for  alkali  soils,  easily  first  are 
the  Saltwsages  or,  as  they  ai-e  sometimes  called,  the  Salt- 
bushes  (SjKHnes  of  AtripJe^),  Many  of  these  are  exceedingly 
nutritious  and  constitute  a  large  percentage  of  the  for- 
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np'  in  Home  nf  the  «riil.  alkali  pininfl.  Some  of  (liem  are  re 
l)rodiieefJ  eni-h  year  fi-om  seeil  but  many  of  tliem  are  per 
eniiifllo  with  merely  a  wmMly  base  or  sometimes  the  whole 
plant  tgiiite  tthrub-like.    The  perennials  are  moreTaliiablea« 


Plate  I .•     Niittall's  Sall-snec  [Alnfles  .VullaHn  Wals.)- 

jKistiire  plaiilH  timn  the  annuals,  though  they  are  more  ^16 
i-iilt  of  introdnction,  but.  when  onoe  eifltablishcd.  xhoiiM 
yield  witliont  fnrther  attention  forage  of  mncb  value,  "f 
the  jierennial  aperies  the  following  are  of  mot<t  importaniT 
for  thin  state,  as  judped  by  their  present  n'lative  ahnndam* 
and  adaptability  to  onr  alkali  lands. 
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Perennials. 

NUTTALL'S  SALT  SAGE— Plate  I  and  Pig.  1,  Plate  III. 
(Atripkx  Nuttallii.)  This  is  by  far  the  mosft  widely  distribut- 
ed of  the  Salt-eages,  being  common  throughout  the  interi- 
or arid  west.  It  is  less  tolerant  of  alkali  than  the  following 
species,  occurring  principally  in  soils  where  salts  occur  in 
moderate  amounts  only.  It  is  essentially  a  plant  of  the 
greater  plains  where  it  sometimes  occurs  in  the  greatest 
abundance.  Especially  for  sheep  it  has  no  superior  as  win- 
ter forage.  From  its  woody  base  it  each  year  puts  out  a 
large  number  of  stems  which  spread  loosely  in  all  direc- 
tions. These  are  seldom  more  than  a  foot  long,  are  quite 
leafy  below  and  produce  a  great  abundance  of  very  nutri- 
tious seed.  Its  deep  set  roots  and  woody  base  enable  it  to 
endure  much  hard  usage  but  these  characters  in  connection 
with  its  slow  growth  make  it  unsuited  for  any  use  except 
permanent  pasture.  It  is  difficult  of  introduction  but  where 
well  established  care  should  be  taken  not  to  destroy  it. 
Seed,  however,  is  readily  obtainable. 

OSTEKHOUT'S  SALT-SAGE,*— Fig.  2,  Plate  III  {Atri- 
plej'  eremicola).  This  species  resembles  the  preceding 
in  many  res}>ects  but  it  has  a  heavier,  harsher  woody  base,  is 
more  erect  in  habit,  grows  to  about  the  same  size  and  has 
probably  about  the  same  forage  value.  The  advantage  that 
it  enjoys  over  the  pret^eding  is  that  it  is  more  tolerant  of  al- 
kali, apparently  thriving  best  on  the  borders  of  lakes  and 
ponds  where  the  surface  is  quite  encrusted  with  the  salt. 
In  soils  where  the  preceding  will  not  grow  this  might  be 
substituted  were  not  the  following  a  far  more  promising 
8|)ecies. 

NELSON'S  SALT-SAGE— Plate  II  and  Fig.  3,  Plate 
III,  (Atriplex  pahuUiris).  Of  the  native  perennials  this  is 
the  one  most  worthy  of  trial  as  a  crop  plant.    So  far  it  is 


*In  habit  this  so  much  resembles  the  preceding  that  no  illustration  of  it  as  a  whole  has  been 
tatroducedv 
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only  known  from  south-central  Wyoming  where  it  occur* 
in  (greater  or  less  abundance  in  the  vicinity  of  alkali  Uke« 
and  on  the  banks  of  similar  creeks,  e.  g.,  Bitter  Creek,  ia 


I'LATK   II.      Nflsiin's  S,ill  >ni;f  {.lr>if/,-\  f.,hnl,>,is  Aven  Nel>.>n}. 

Ilie  Kcd  l)<-s<-rl.  rrilike  (he  two  i)n'i('dinti,  its  woody  bast- 
is  alinoNi  wholly  underground,  Ihe  numerous  annual  %\vW- 
are  nearly  erect,  very  leafy  and  decidedly  herbaceous  ia 
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character.  It  also  differs  from  the  others  in  the  close,  con- 
tinuous growth  that  it  makes  but  resembles  Osterhout's 
Salt-sage  in  that  it  is  at  home  on  the  strongesit  alkali  soils. 
Though  best  suited  for  a  pasture  plant,  yet  its  erect  habit 
and  the  herbaceous  nature  of  tht*  stems  make  it  possible 
to  harvest  a  crop  of  this  with  the  ordinary  machinery. 


Plate  III.     Seeds  (technically  fniils)  of  some  perennial  Salt  sages: 
I.    Nuttal's  Salt-sage.        2.   Osteroul's  Salt  sage.        3.    Nelson's  Salt-sage. 

4.    lUishy  Salt -sage. 

lU  SFIV   SALTSACJK,— Fig.  4,  JMatc    111    (Mrl/ilr.r  can 
mrcn-s).      This    spi^ies    uf    S;iH-sag(»    is    decidedly    woody, 
sometimes  a  shrub  several  feet  high.    Its  leaves  and  abund 
ant  seeds  are  greatly  relished  by  all  browsing  animals,  so 
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iimcli  m»  that  it  is  heme  larg^-ly  exterminated  where  il  m 
iU'i-emsible  to  stock  at  all  times  of  the  year.  It  ie  not  abond- 
jint  in  Wyoniinp.  belonging  rathei-  to  a  range  to  the  south 
luid  west  of  this  state.  On  account  of  its  shrubby  character 
it  can  hardly  be  recommended  for  introduction. 

Annuals. 
Some  of  the  annual  species  are  very  tolerant  of  alkali, 
grow  rapidly,  often  forming  plants  of  great  size,  and  pro- 
duce seed  in  the  utmost  profusion.  It  is  doubtful  if  the  for- 
age value  of  tliese  is  equal  to  the  perennial  species  and  a-s 
winter  pasture  they  have  little  value.  On  strongly  saline 
soil  where  nothing  else  will  gi-ow  and  from  which  prompt 
returns  are  desired  these  may  be  properly  tried.  To  aecnre 
the  best  results  the  crop  must  be  harvested  just  before  ma- 
turity in  order  that  the  seed  may  be  retained.  Of  the  sever- 
al species  in  the  state  the  three  briefly  describel  below  are 
the  most  promising. 


y  Sall-sage  (Alriflex  t-tpan. 
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UTAH  SALTSAr.E.— Pig.  1.  Plate  V  (Atriplex  truneata). 
This  branehes  rather  freely  from  the  base,  its  brancheR 
spreading  loonelr  in  all  directions  and  producing  a  wealth 
of  succulent  leaves.  It  is  less  tolerant  of  alkali  than  the 
two  following  but  is  very  generally  distributed  on  the  arid, 
alkaline  plains.  It  is  probably  more  readily  introduced 
than  the  plants  that  are  native  on  the  more  strongly  im- 
pregnated soils. 


SFREADINO  SALT-8AGE— Plate  IV  and  Fig.  2,  Plate 
V  iAtripkj'  expnnsu).  Very  similar  to  the  last  but  more 
freely  branched  and  with  much  smaller,  somewhat  triangu- 
lar leaves.  -This  occurs  on  soils  often  quite  encrusted  with  al- 
kali, makes  a  dense  and  vigorous  growth  and  yields  a  large 
quantity  of  fair  forage  which.  like  the  preceding,  most  be 
liarvested  before  it  becomes  dry  and  brittle. 


Wpoming  Experiment  Station. 


TUMltLIXd  SALT-SAGE.— riatp  VI  and  Fift.  3,  Plate 
V.  [Atritib'jr  roltttani).  In  thi«  jdaiil  we  have  a  typi«il 
tumble  weed.  It  branrlies  iw  freely  and  intricately  that  bv 
autumn  it  is  a  dense,  subapherieal  mass.  At  matnrity  the 
alt^nder  tap-root  becomes  brittle  and  Hoon  breake,  after 
wliifli  tlic  plant  is  rolled  hither  aoA  yon  by  the  wiodii.  scat- 
tering its  seeds  at  every  bound.  It  does  not  eeem  to  be  widely 


distribntfid,  lieing  scarcely  known  except  in  the  alkali  basins 
and  on  tlie  shores  of  alkali  lakes.  On  lands  that  have  been 
uhiindoned  bernnse  of  progressive  accumalatioti  of  alkali 
this  may  prove  to  be  just  the  desired  plant.  If  sown  thick- 
ly it  would  shade  the  ground,  preventing  farther  rise  of  the 
salt,  absorbing  much  of  it  in  its  growth  and  prodncing  at 
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the  same  time  a  great  amount  of  coarse  forage.  If  harvest- 
ed a  little  before  maturity  and  preserved  in  a  silo  it  would 
probably  yield  a  sui)erior  product. 

WINTER-FAT. 

WINTER  FAT —Plate  VII  and  Fig.  1,  Plate  VIII.  (Euro- 
tia  lanata).  In  this  near  relative  of  the  Salt-sages  (some- 
times called  Sweet-sage)  we  have  another  plant  that  is  tol- 
erant of  alkali  and  of  much  value  as  a  pasture  plant.  Though 
it  is  widely  distributed  in  the  state  yet  it  is  not  now  very 
plentiful  since  stock  seek  it  so  eagerly  that  it  is  becoming 
exterminated  in  many  places.  The  numerous  herbaceous 
branches  which  spring  from  the  woody* base  are  rather 
densely  white  hairy  and  become  during  the  season  about  a 
foot  long.  These  are  often  literally  loaded  down  with  the 
characteristic,  white  cottony  seeds.  It  thrives  on  cultivat- 
ed ground,  makes  a  rapid  growth  and  provides  winter  pas- 
ture of  great  value,  especially  so  since  (so  it  is  said)  stock 
feeding  upon  this  plant  are  remarkably  free  from  disease  on 
account  of  its  tonic  properties.*  Since  it  is  not  difficult  to 
find  small  patches  in  enclosed  grounds  from  which  seed 
mav  be  obtained  ranchmen  will  no  doubt  find  it  worth  their 
while  to  give  this  valuable  plant  a  trial. 

THREE  QRASSES. 

Among  the  native  species  of  grasses  there  are  very  few 
that  can  be  recommended  for  cultivation  on  alkali  soils: 
There  are  several  species  that  will  exist  in  such  soils  but 
only  a  few  thAt  will  prove  profitable  as  pasture  or  crop 
plants. 

INDIAN  MILLET— Plate  IX  and  Fig.  2,  Plate  VIII 
{Eriocoma  cuspidata).  This  is  not  strictly  an  alkali  grass.  In 
fact  it  will  not  endure  soils  containing  a  very  large  percent- 
age of  salt.  It  is  included  here  because  it  is  one  of  the  import- 


*  Yearbook  oi  the  Dcpt.  of  Agriculture,  p.  547,  IhHS. 


-,  VII.      Winter  fal  {Urolu,  laaala  (Pursh)  Moq.). 


W.WY  Vni,   I.  ThL-lij..nt  tH-obranchesofWinler  f.t.   J.  Head  of  IndiuiMilii 
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ant  ;  asTiiiv  erH»»(*H  on  the  dryer  alkaline  areas  of  tbe  in- 
terin:-  west.  It  i»  one  of  the  bunrh-grasseB.  forming  dense 
tuft--  from  a  few  inchen  to  a  foot  or  more  across.  In  no  re- 
gion U  it  so  dry  and  sterile  that  it  will  not  live  but  in  better 


Pr,ATK  IX.      Indian  Millel  (A'm^mn  a-spiiiala  Null.). 

soil  jut"  with  more  moisture  it  becomes  even  prolific.  Of- 
tPii  but  n  ft'W  inches  high  yet  under  favorable  conditions  it 
attaii-y  he  height  of  a  foot  or  two.  In  any  case  it  fraits 
ab«P'':  ■  tly  and  may  be  easily  known  by  its  large,  peculiarly 
hraml'  1   spreadinp   panicle   and   large   silky   seeds.     All 


I'LATK  \.      Alkali  Mea.low  K"ss  {Pmdiullia  .liroides  C.nil[.   \  \V,ii-  :. 

kiDtlH  of  xtock  relixli  this  plant  but  liorseH  are  fS]teciiill« 
fond  of  it  and  Bwm  do  well  upon  it.  It  is  easily  grown  from 
seed  aa  it  germinates  readily  and  reaches  its  best  deveio})- 
nient  in  loose  or  sandy  soil.  It  is  often  adveotive  in  cniii- 
Tated  ground  and  on  the  loose  slopes  of  rnilrouil  i-mbuDk- 
ments. 

SLKXDEE  WHEAT  GRASS/— Fin-  1.  Plate  XI.  K\nr^ 
l>;/ni»  Itiienirn).  .\niong  the  native  grasses  of  the 
west  Iheiv  are  none  that  will  surpass  in  value  thf 
WlM-at-graiweB,  Many  speries  of  these  not  only  gio* 
luxuriantly  but  represent  forage  of  very  high  nutritive  val- 
ue. Several  species  are  tolerant  of  alkali  but,  as  it  happens, 
the  one  that  is  best  adapted  to  soils  of  this  character  is  al- 
so in  many  other  respects  the  most  desirable  as  a  meadow 
grass.     Slender  Wheat-Graas  makes  a  meager  growth  in  dry 
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sterile  soil,  but  it  responds  promptly  to  all  cultural  advan- 
tages. The  writer  has  seen  wonderful  results  from  seeding 
the  ground  to  this  grass,  and  this,  too,  where  the  soil  was 
strong  with  alkali  and  the  water  used  for  irrigation  was  far 
from  the  best.  It  forms  a  close  uniform  growth  that  yields 
as  much  i)er  acre  as  an  average  field  of  Timothy.     Since  it 


Plate  XI.       i.   Heads  of  Slender  Wheat  grass.       2.    Head  of  Alkali  Meadow- 
grass.     3.   Head  of  Tuber  Bulrush.     3a.   A  single  seed  of  Tuber  Bulrush. 

thrives  best  with  a  very  moderate  amount  of  water  (it  will 
not  endure  flooding)  no  more  profitable  grass  can  be  found 
for  saline  areas  of  limited  water  supply.  While  not  seed- 
ing very  freely,  the  requisite  amount  for  sowing  can  easily 
be  obtained  after  the  first  crop  has  been  harvested.  It  is 
easily  thrashed  out  in  a  machine  or  may  be  flailed  out  if  no 
better  method  is  at  hand.  Seed  of  this  grass  is  now  on  the 
market. 

ALKALI  ^fEADOW  GRASS,— Plate  X  and  Fig.  2,  Plate 
XI  iPffrcinelUa  airoides).  Here  we  have  a  grass  that  is 
at  home  on  the  salt  encrusted  margins  of  ponds  and  lakes 
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and  on  wet  efflorescent  flat*  where  other  grasses  are  wholly 
wantinfi:.  In  such  situations  it  grows  luiurianllv,  malting 
a  crop  of  much  value  but  for  the  difficulty  of  harvestini;  it. 
Though  of  less  nutritive  value  than  some  other  grasses  yet 
if  cut  in  its  prime  it  would  make  tolerable  hay.     Browning 


Plate  XII.     Tuber  Bulrush  (Siirfus  patudosus  Aven  Nelson). 

animate  greedily  devour  it  but  often  it  growe  in  boggy,  id- 
accessible  places.  On  abandoned  alkali  flats  which  can 
be  flooded  early  in  the  season  hut  which  can  be  entered  la- 
ter with  horses  and  mower  this  should  he  a  profitable  crop. 


Forage  Plants  for  Alkali  Soils.  45 

It  produces  a  fair  amount  of  seed  but  unless  harvested 

promptly,  as  it  nears  maturity,  much  of  this  is  lost.    Even 

as  a  pasture  grass  it  has  little  value  after  it  has  reached 

maturity. 

BULRUSHES. 

Though  there  are  several  Rushes  and  Bulrushes  that  oc- 
cur  in  alkali  soils  and  have  some  slight  forage  value,  yet 
there  is  but  one  known  to  the  writer  that  is  sought  out  by 
stock  when  other  feed  is  abundant.    This  is  the 

TUBER  BULRI^SH,— Plate  XII,  and  Pig.  3,  Plate  XI. 
(Sclrpus    paludosus).     It    never    reaches    maturity    if    it 
is    accessible    to    cattle.    They    will     wade    about     for 
it    in     places     w^here     they     are     in     imminent     danger 
of    becoming    mired.       Like    the    grass     last    descnbed 
above  it  will  thrive  best  where  the  alkali  is  the  densest. 
Even  on  recently  dry  lake  beds,  covered  inches  deep  with 
the  white  salt,  this  species  still  develops  apparently  unin- 
jured.   Its  best  development  is  attained  in  alkali  marshes 
that  become  dry  late  in  the  season.    In  such  situations,  if 
stock  be  kept  out,  it  makes  a  dense,  uniform  growth  and  at- 
tains a  height  of  18  to  24  inches.    Leaves  are  produced  in 
abundance  and  the  head-like  cluster  of  spikelets  are  so  rich- 
ly supplied  with  large  plump  seeds  that  it  is  an  easy  matter 
to  collect  quarts  of  them  by  hand  in  a  few  hours.    Though 
the  seeds  are  retained  by  this  plant  most  remarkably  well 
jet  none  are  more  easily  thrashed  out  and  cleaned  than 
this. 

To  secure  perpetual  retunis  from  lands  so  thoroughly 
filled  with  alkali  as  to  be  worthless  as  regards  other  crops 
seems  more  than  possible  if  seeded  to  this.  Being  an  her- 
baceous perennial  of  the  most  persistent  character  it  should 
maintain  itself  indefinitely  where  it  is  once  introduced. 
Each  year's  new  stems  spring  from  the  tubers  produced  the 
previous  year  at  the  end  of  short  underground  stems,  and 
by  this  character  and  mode  of  development  this  species 
mav  easily  be  recognized. 
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{Medicago  sativa,) 


B.  C.  BUFFUM. 


Much  has  been  written  about  alfalfa  in  other  states. 
Station  literature,  reports  of  Boards  of  Agriculture  and  the 
agricultural  periodicals  contain  many  accounts  of  experi- 
ments in  growing,  and  investigations  of  the  value  of  this 
forage.  No  other  plant  which  has  been  widely  grown  in  the 
arid  region  is  held  in  such  high  esteem*by  those  who  have 
had  the  largest  amount  of  experience  in  irrigation  farming. 
The  ease  with  which  it  is  grown,  its  hardiness  under  trying 
conditions,  the  large  yields  produced  year  after  year  from  a 
single  planting,  its  distinctive  value  as  a  fodder  and  its 
power  of  improving  the  soil  upon  which  it  grows  to  such  an 
extent  that  no  expensive  means  of  keeping  up  fertility  is 
necessary,  has  brought  alfalfa  near  to  the  hearts  and  pocket 
books  of  intelligent  farmers  and  makes  it  a  boon  whose 
value  can  not  be  estimated. 

In  this  bulletin  it  is  not  our  purpose  to  give  an  account 
of  experience  with  alfalfa  in  other  regions,  but  to  report 
briefly  the  results  of  our  own  investigations;  indicate  meth- 
ods of  culture  which  will  insure  success  and  give  informa- 
tion of  the  return  that  may  be  expected  under  our  own  pe- 
culiar conditions  of  soil  and  climate.  The  question  of  rais- 
ing alfalfa  at  altitudes  under  six  thousand  feet  in  the  state, 
where  it  can  be  irrigated,  is  a  comparatively  simple  one.  It 
will  grow  on  poor  soil  if  in  good  tilth,  not  too  strongly  al- 
kaline and  with  good  drainage,  and  when  once  eetablished 
it  only  requires  irrigating  and  harvesting  from  two  to  four 
times  each  season.    As  the  altitude  increases  and  conditions 
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become  less  favorable  more  eare  is  reiiuired  to  secui'e  a 
stand  and  over  seven  thousand  feet  above  the  sea,  in  dry  and 
naturally  exposed  positions,  specific  treatment  must  be  giv- 
en to  insure  success.  By  the  term  "specific  treatment"  we 
would  not  convey  the  impression  that  great  expense  must  be 
incurred  to  secure  a  productive  meadow  or  that  any  practice 
which  is  bevond  the  abilitv  and  means  of  everv  ranchman  is 
necessary.  We  have  demonstrated  that  alfalfa  can  be  raised 
on  the  Laramie  Plains  at  small  cost  and  that  the  resulting 
cro[)s  of  hay  will  be  remunerative  to  the  man  who  exercises 
as  much  care  and  judgment  as  he  would  to  raise  a  ci*op  of 
oats. 

Several  ranchmen  who  first  attempted  to  grow  alfalfa 
on  the  Laramie  Plains  failed  because  they  used  wrong  meth- 
ods of  preparing  the  soil  and  sowing  the  seed  or  because  the 
crop  was  left  to  care  for  itself  after  sowing.  From  these  fail- 
ures the  belief  became  widespread  that  making  a  success  of 
raising  alfalfa  at  this  altitude,  under  our  conditions  of  ex- 
posure, drying  winds  and  short  seasons,  was  out  of  the  ques 
tion.  \Mien  the  Experiment  Station  was  established  at  Lar- 
amie I  was  warned  by  one  of  our  large  ranchmen  that  any 
attem|>t  we  might  make  to  grow  alfalfa  would  surely  result 
in  failure,  and  that  it  would  be  unwise  for  us  to  spend  any  of 
the  station  funds  in  experiments  with  it.  This  ranchman 
stated  that  he  had  spend  five  hundred  dollars  in  his  efTorts 
to  grow  alfalfa  on  his  ranch  and  was  fully  convinced  that  we 
would  never  be  able  to  produce  alfalfa  hay  in  this  region. 
When  questioned  in  regard  to  the  method  he  had  pursu(*d 
he  said  the  ground  had  been  carefully  prepared  by  plowing, 
the  alfalfa  seed  had  bec^n  sown  broadcast  and  harrowed  in, 
but  none  of  it  grew. 

Our  first  attempt  to  grow  alfalfa  on  the  station  farm  in 
1891  failed.*    The  seed  was  planted  on  sod  the  first  year  it 

•See  BuHetln  No.  16.   Wyoming    Experiment   Station,    "Grasses   and 
Forage  Plants,"   page  232. 
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was  plowed.    With  the  seed  w^as  a  goodly  supply  of  dodder, 
a  parasite  which  destroyed  the  young  alfalfa  plants.    Some 
alfalfa  seed  w>wn  on  sod  without  plowing  also  failed,  but 
since  that  time  many  plats  and  fields  have  been  planted  to 
alfalfa  and  we  have  not  had  occasion  to  record  another  fail- 
ure.   After  we  had  been  growing  alfalfa  for  a  number  of 
years  and  had  good  fields  of  it  close  to  the  county  road  to 
demonstrate  to  passers  by  that  it  was  successful,   many 
ranchmen  were  still  suspicious,  and  unfortunately,  at  the 
present  time,  some  seem  to  entertain  the  idea  that  we  have 
follow^ed  some  secret  or  expensive  system  of  culture  to  make 
it  grow.    They  believe  that  our  flourishing  fields  are  decep- 
tive and  that  it  is  beyond  their  powder  to  secure  like  results. 
Only  a  year  ago  one  ranchman  who  had  become  convinced 
from  what  he  saw  and  w^hat  we  told  him  of  our  experience, 
that  alfalfa  was  a  practical  crop  to  grow,  applied  to  a  mer- 
chant in  Laramie  for  some  seed  to  be  sown  on  his  ranch. 
The  merchant  assured  him  that  he  could  not  afford  to  cod- 
dle his  alfalfa,  as  he  said,  **go  out  and  cover  it  up  nights, 
the  way  they  do  on  the  Experiment  Farm,"  persuaded  him 
to  give  up  the  attempt  to  grow  it  himself  and,  I  believe,  sold 
him  seed  of  alsike  or  something  else  which  had  not  been  de- 
monstrated a  success  here.    He  has  lost  a.year's  growth  of 
alfalfa  and  we  are  informed,  regrets  that  he  planted  alsike. 

• 

To  trace  the  reason  for  such  a  prejudice  is  diflRcult  and 
it  is  only  necessary  to  say  that  such  ideas  are  based  on  com- 
plete misconception  of  the  purposes  for  which  the  station  is 
established  and  supported.  The  experiment  stations  are 
established  and  operated  for  a  single  purpose  and  that  is  to 
benefit  the  farmers  by  investigating  the  problems  in  which 
they  are  interested  and  can  not  afford  to  investigate  for 
themselves.  But  one  thing  is  asked  in  return  and  that  is 
that  the  results  of  these  investigations  be  accepted  and  made 
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use  of  by  the  farmer  for  his  own  personal  pecuniary  advan- 
tage. 

The  range  stockman  of  a  dozen  years  ago  could  make 
use  of  thirty  or  more  acres  of  public  domain  for  the  support 
of  each  steer.  He  drifted  away  from  the  habit  of  tilling  the 
soil  and  became  constitutionally  opposed  to  that  occupation. 
The  palmy  days  of  the  open  range  are  gone  and  the  inevita- 
ble may  as  well  be  accepted,  that  as  land  becomes  scarce 
that  which  can  be  irrigated  will  be  cultivated.  It  has  be- 
come necessary  to  support  each  head  of  stock  on  a  small 
fraction  of  the  land  which  was  formerly  available.  Irrigat- 
ing native  meadows  has  greatly  increased  the  production  of 
wild  hay.  Substituting  such  cultivated  forage  crops  as  al- 
falfa will  double  or  treble  the  production  of  hay  and  tbe 
prosperity  of  the  ranchman  and  farmer  who  makes  proper 
use  of  his  products  will  correspondingly  increase. 


ALFALFA  CULTURE. 

The  culture  of  alfalfa  is  simple,  but  failure  often  re^ 
suits  from  wrong  treatment.  Under  favorable  conditions  no 
crop  is  more  easily  grown,  but  there  are  correct  methods  of 
procedure  in  alfalfa  culture  which  it  is  important  to  know 
and  make  use  of  everywhere.  Under  our  high  altitude  con- 
ditions, the  farmer  who  would  be  sure  of  his  success  must 
sow  his  alfalfa  seed  on  the  right  kind  of  land  and  in  tbe 
right  way;  have  the  soil  properly  prepared  and  give  the  crop 
that  attention  afterward,  which  will  prevent  its  dying  from 
drouth,  or  from  excess  of  water,  or  succumb  to  any  of  the 
ills  due  to  pure  neglect.  The  farmer  should  remember  that 
alfalfa  has  been  a  cultivated  plant  longer  than  the  historr 
of  the  Christian  era,  having  been  cared  for  by  man  for  over 
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2,000  years  and  introduced  into  parts  of  the  world  widely 
differing  from  its  native  home.* 

Although  it  is  a  perennial  plant  it  has  little 
more  tendency  to  go  wild  after  planting,  and  care 
for  itself  under  .our  conditions,  than  wheat,  which 
ever^'one  understands  would  be  lost  to  the  world 
if  not  cultivated  by  man.  However,  alfalfa  is  one 
of  the  hardiest  forage  plants  known.  It  will  adapt 
itself  to  widely  differing  conditions.  When  a  stand  has  once 
been  secured,  it  resists  drouth  remarkably  well,  will  stand 
as  much  or  even  more  heat  and  cold  than  other  cultivated 
plants  or  our  native  grasses  and  will  last  longer  under  con- 
tinous  cropping  than  will  the  best  native  meadow,  produc- 
ing each  year  from  two  to  four  times  as  much  hay.  As  al- 
falfa is  one  of  the  easiest  crops  grown  at  low  altitudes, 
farmers  as  a  rule  do  not  practice  the  careful  methods  here 
outlined,  bwt  it  is  just  as  inexpensive  to  follow  a  right  meth- 
od as  a  wrong  one  and  ultimately  is  much  more  profitable. 
At  high  altitudes  where  the  growing  season  is  short,  the 
nights  cold  and  the  winters  long  and  dry,  specific  treatment 
becomes  necessary  to  insure  success.  The  hints  for  its  cul- 
ture here  given  are  especially  for  high  altitudes,  though  they 
are  generally  applicable  to  all  portions  of  the  state. 

KIND  OF  SOIL — Alfalfa  thrives  on  any  good  soil  and 
in  some  places  on  comparatively  poor  soil,  though  it  prefers 
a  warm,  sandy  loam.  Instead  of  recommending  soils  and  lo- 
cations for  alfalfa  we  will  briefly  point  out  three  or  four 
things  to  avoid.  Do  not  plant  alfalfa  seed  in  soil  so  strong- 
ly impregnated  with  alkali  that  there  is  a  white  incrustation 

*Alfalfa  l8  a  Spanish  name  said  to  be  derived  from  an  Arabic  word 
meaning  the  best  fodder.  In  Europe  it  is  known  as  lucerne,  but  origi- 
nally this  species  was  probably  a  native  of  some  part  of  Asia.  Its  scien- 
tific name,  Medlcago,  comes  from  the  Greek,  Media,  a  country  which 
extended  east  to  the  Caspian  sea.  It  was  introduced  into  Rome  from 
Media  about  470  B.  C.  From  there  it  spread  Into  Spain  and  the  Span- 
lards  brought  it  to  Mexico  about  1520.  Nearly  fifty  years  ago  It  reached 
the  United  States  by  being  Introduced  into  California  from  Chili,  South 
America. 
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of  salt  on  the  surface  during  part  of  the  year.  (See  discus- 
sion of  alfalfa  and  alkali  soils  on  another  page).  Do  not 
sow  seed  on  low  land  where  the  drainage  is  not  good.  Al- 
falfa will  not  live  where  free  surface  water  stands  a«  near 
the  top  of  the  ground  as  one  or  two  feet  and  any  attempt  to 
grow  it  on  low,  wet  soils  will  result  in  failure.  Water  stand- 
ing around  the  plants  for  any  length  of  time  from  to  much 
irrigation  will  surely  destroy  them. 

Alfalfa  is  a  deep  feeder.  Usually  it  will  not  do  well  on 
a  shallow  soil  underlaid  with  hard  pan  which  prevents  the 
strong  tap  roots  from  going  deep  into  the  subsoil.  We  have 
grown  several  good  crops  of  alfalfa  on  land  which  had  only 
from  twelve  to  eighteen  inches  of  surface  soil,  being  under- 
laid with  hard  pan  composed  of  gypsum  and  lime.  This 
land  has  good  slope  and  drainage.  While  good  crops  have 
been  secured  it  has  been  necessary  to  exercise  great  care  in 
irrigating  and  a  large  amount  of  water,  or  rather  numerous 
irrigations,  have  been  required  to  keep  the  plants  from  suf- 
fering, as  the  roots  could  not  reach  deep  into  the  soil  for 
moisture.  A  shallow  soil  over  sand  or  gravel  which  hoih 
provides  good  drainage  and  allows  the  roots  to 
sink  deep  into  it,  would  be  better  than  the  same 
soil  underlaid  with  hardpan.  Many  ranchmen  have 
inquired  whether  or  not  we  would  recommend  plant- 
ing alfalfa  on  bottom  lands  along  the  river.  As 
a  rule  we  believe  upland  is  to  be  preferred,  as  the 
soil  is  usually  deeper  and  better  drained.  If  the  bottom 
land  is  comjiaratively  free  from  alkali,  and  the  surface  is  not 
too  near  the  water  level  at  anv  season  of  the  vear,  alfalfa 
will  succeed,  and  when  it  has  become  well  established  will 
probably  require  less  irrigation  than  on  upland,  as  the  roots 
will  go  down  far  enough  to  reach  the  moisture  supply  below. 

PREPARATION  OF  THE  LAND.— Much  depends  on 
the  condition  of  the  soil  upon  which  seed  is  sown.    Alfalfa 
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seed?  are  siuall  and  the  soil  should  be  correspondingly  well 
prepared,  fine  and  moist.  We  do  not  recommend  planting 
alfalfa  on  »od  land  under  any  conditions.  At  low  altituaes 
in  this  State  a  good  stand  may  be  secured  the  first  year  af- 
ter breaking  up  the  sod  but  I  have  never  known  of  such  an 
instance  at  altitudes  over  six  thousand  feet  and  it  will  prob-^ 
ably  never  pay  to  sow  the  seed  on  stiff  or  heavy  sod  which 
has  not  been  plowed.  An  alfalfa  meadow  is  practically  per- 
manent and  will  well  repay  the  expense  of  preparing  the  soil 
and  sowing  the  seed  in  the  right  w^ay.  If  a  piece  of  sod  land 
is  to  be  converttMi  into  an  alfalfa  field  it  should  be  plowed 
and  planted  to  oats  or  some  other  crop  the  first  year  or  two 
in  order  to  put  the  soil  into  the  right  physical  condition  for 
the  alfalfa  seed.  We  think  it  best  to  have  the  soil  somewhat 
compact  for  the  seed  and  find  it  better  not  to  sow  alfalfa  on 
newly  plowed  ground.  A  good  stand  of  plants  will  be  secur- 
ed with  more  certainty  on  land  which  has  been  fall  plowed 
or  on  stubble  which-  is  merely  disk-harrowed  and  planked 
and  again  lightly  harrowed  to  form  a  thin  top  mulch  of  loose 
soil  which  will  prevent  the  rapid  loss  of  water  by  evapora- 
tion. In  case  it  is  desired  to  sow  alfalfa  on  land  which  is 
plowed  tfie  same  spring,  plowing  should  be  done  as  long 
before  sowing  as  possible,  and  the  newly  plowed  soil  may 
be  rolled  or  heavily  planked  to  compact  it  and  afterward 
lightly  harrowed  to  leave  the  surface  finely  pulverized.  On 
loose,  newly  plowed  land  there  is  danger  of  drilling  the  seed 
too  deep  and  the  crop  will  fail  because  the  small  seeds  are 
unable  to  push  out  of  the  ground. 

Young  alfalfa  plants  are  quite  tender  and  must  be  given 
no  rough  treatment  until  they  have  become  well  establish- 
ed. Should  the  soil  be  too  dry  to  germinate  the  seed  it  may 
be  irrigated  to  bring  the  plants  up  if  carefully  done  and  the 
land  does  not  slope  so  much  that  the  soil  will  wash  away. 
If  there  is  danger  of  the  soil  becoming  too  dry  to  germinate 
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the  seed  and  support  the  plants  during  the  first  two  or  three 
weeks  of  growth,  irrigating  should  be  done  before  plowing 
the  land  and  the  moisture  saved  as  long  a^  possible  by  har- 
rowing after  plowing  or  rolling  the  soil.  We  have  never 
failed  to  get  the  seed  to  come  up  without  irrigation  where 
sown  with  the  press  drill. 

While  alfalfa  has  the  jwwer  to  take  nitrogen  from  the 
air  and  will  grow  on  very  poor  land,  at  least  that  which  is 
poor  in  humus,  as  is  often  the  case  with  our  arid  soils,  we 
know  of  two  instances  on  the  Laramie  Plains  where  the 
young  plants  were  much  stronger  and  made  better  growth 
the  first  year  on  land  that  was  given  a  light  dressing  of  sta- 
ble manure.  Mr.  Webber  sowed  some  alfalfa  on  land  that 
had  been  manured  and  thinks  the  results  more  than  paid  the 
extra  expense.  On  the  Experiment  Farm  alfalfa  made  much 
stronger  growth  when  planted  on  land  that  was  fertilized 
with  twelve  loads  stable  manure  per  acre.  The  application 
of  manure  is  not  necessarv,  but  where  for  anv  reason  the 
struggle  to  become  established  is  unusually  great  and  snch 
api'lication  can  be  cheaply  made,  the  effect  in  produdng 
strong  young  plants  may  well  repay  the  extra  trouble  and 
expense.  A  strong  point  in  favor  of  alfalfa  is  its  power  to 
grow  on,  and  improve  soils  which  have  been  worn  out  by 
other  cropping. 

WHEN  AND  HOW  TO  SOW  THE  SEED.— The  young 
plants  need  to  become  as  well  established  as  possible,  and 
have  time  to  throw  their  roots  deep  into  the  subsoil  for 
moisture,  before  going  through  the  long  winter.  To  enahl? 
them  to  do  so  the  seed  should  be  sown  in  the  spring  and  as 
early  as  danger  of  hard  frosts,  which  would  destroy  the 
young  plants,  is  past.  Another  advantage  of  sowing  early 
is  that  our  spring  months  are  our  months  of  greatest  mois- 
ture. Usually  enough  moisture  comes  to  the  land  by  rain 
to  secure  germination  and  provide  for  the  early  growth.  On 
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the  Laramie  Plains  the  seed  may  be  sown  any  time  in  May. 
As  the  seeds  germinate  quickly  it  is  probably  safer  to  sow 
after  the  tenth  of  May  than  before  that  date.  At  altitudes 
in  the  state  below  six  thousand  feet,  ApriJ  is  to  be  preferred, 
though  the  seed  may  be  sown  at  any  time  up  to  July. 

The  seed  should  be  sown  from  one-half  to  two  inches 
deep.  Because  of  the  danger  of  the  surface  drying  out  I 
think  it  advisable  to  plant  as  deep  as  may  be  done  with  safe- 
ty. This  will  vary  somewhat  with  the  kind  of  soil,  but  in 
general  if  planted  more  than  three  inches  deep  there  is  dan- 
ger that  the  germinating  plant  will  not  be  able  to  reach  the 
surface.  We  have  lost  our  seed  once  or  twice  by  planting 
too  deep. 

A  point  of  great  importance  is  that  the  soil  should  be 
packed  around  the  seed.  Many  failures  to  secure  a  stand  of 
alfalfa  are  traceable  to  sowing  the  seed  broadcast  on  n'ewly 
plowed  ground  and  harrowing  to  mix  the  seed  loosely  with 
the  surface  soil.  Under  favorable  conditions  of  soil  and 
moisture,  alfalfa  may  be  so  grown,  but  sowing  broadcast  is 
hazardous  at  the  best.  Where  sown  broadcast  from  one-half 
to  one-third  more  seed  must  be  used  to  secure  the  same 
stand,  as  a  large  percent  of  it  is  either  not  covered  at  all  or 
so  lightly  covered  that  it  fails  to  grow.  Alfalfa  seed  has 
been  worth  from  six  dollars  to  twelve  dollars  per  hundred 
pounds  for  the  last  ten  years.  This  means  that  from  one- 
half  to  trwo  or  three  dollars'  worth  of  seed  is  thrown  away 
on  each  acre  of  land  where  sown  broadcast  and  harrowed  in. 
If  a  seed  drill  can  not  be  obtained,  and  it  is  necessary  to 
broadcast,  it  should  be  thoroughly  harrowed  in,  then  rolled 
and  lightly  harrowed  again.  Undoubtedly  the  best  machine 
for  sowing  alfalfa  (and  for  that  matter  any  other  small  seed 
in  our  soils),  is  some  form  of  the  press  drill  which  distributes 
the  seed  evenly  and  presses  the  soil  firmly  around  it.  Thus 
the  seed  is  planted  to  th-e  right  depth,  and  the  moisture  of 
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the  soil  i«  brought  in  contact  with  it,  which  insures  germin- 
ation and  growth.  We  feel  that  too  much  can  not  be  said 
in  favor  of  the  press  drill.  If  a  ranchman  had  fifty  or  one 
hundred  acres  to  sow  to  alfalfa  or  if  he  sows  any  amount  of 
grain,  sixty  or  seventy  dollars  for  one  of  these  drills  would 
be  a  paying  inveatraent. 

At  the  start  it  is  well  to  expect  to  take  two  years  to  gei 
a  good  stand  of  alfalfa  and  bring  it  into  producing  condi- 
tion. The  second  spring  the  meadow  or  at  least  parts  of  it 
should  be  resown  unless  a  uniformly  good  stand  i«  secured 
over  all  the  land  the  first  year. 

AMOT'NT  OF  HEED.— The  amount  of  seed  to  sow  de 
pends  on  local  conditions,  the  kind  of  seed  purchased  and 
the  purpose  for  which  it  is  to  be  grown.  Two 
kinds  of  w^ed  may  be  obtained  on  the  niaT-ket. 
First  quality  seed  should  be  heavy  and  plump. 
clean,  of  uniform  size  and  color.  "Second"  is  liaht 
er  seed,  usually  obtained  from  fanning  and  sor^vn 
ing  when  the  seed  is  threshed,  contains  much  uuder 
ripe,  green  colored,  shriveled  grain  and  may  not  be  ff^ 
from  weed  seeds.  For  higher  altitudes  at  least  only  the 
best  seed  should  be  purchased.  Where  the  soil  and  climate 
are  mo»t  favorable  and  the  plants  be<*onie  suftioientk 
strong  to  withstand  weeds  during  the  summer  and  the  (old 
of  the  first  winter,  second  quality  seed  may  do  well  enough. 
though  it  is  always  safe  and  advisable  to  get  the  Mt. 
About  twice  as  much  seed  should  be  sown  where  the  orop 
is  to  be  ^aised  for  hay  as  would  be  used  if  it  is  intended  to 
raise  seed.  We  doubt  if  it  will  pay  to  raise  alfalfa  seed  in 
Wyoming  where  the  altitude  is  above  6,500  feet,  as  the  sea 
son  is  shoi-t  and  the  yield  of  ripened  seed  would  be  very 
small.    For  hay  we  believe  in  heavy  seeding. 

The  thicker  the  plants  are  on  the  ground  the  better 
the  vield  and  the  finer  will  be  the  stems,  which  maket^  the 
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hay  of  better  quality.  The  best  plat  of  alfalfa  raised  on 
the  Experiment  Farm  at  Laramie  was  sown  with  forty 
pounds  of  seed  per  acre.  Thia  amount  is  excessive,  how- 
ever, and  more  than  need  be  sown  to  secure  the  best  re- 
sults. From  twenty-five  to  thirty  pounds  per  acre  should 
be  sown  the  first  year  and  if  the  stand  is  thin  five  or  ten 
pounds  may  be  sown  over  it  the  next -year.  Where  the 
grow^th  is  thick  in  some  places  and  thin  in  others,  only  the 
thin  spots  need  be  resown  the  second  year. 

SOWING  WITH  VS.  WITHOUT  NURSE-CROP.— A 

common  practice  is  to  sow  alfalfa  with    some  other  crop, 

usually  oats.     The  claim  has  been  made  that  the  young 

alfalfa  plants  are  shaded  and  protected  by  the  oats  so  they 

become  better  established  than  when  planted  alone,  and  of 

course  a  crop  of  oats  is  obtained  at  the  same  time.    Where 

alfalfa   is    planted    alone,    small    or    no    return    is   made 

from      the      land      the      first      season     after     planting. 

However,     the     nurse     crop     does     I'^tard     the     growth 

of  the  alfalfa,  because  it  robs  the  small  plants  of  a  large 

amount  of  moisture  and  sunshine..   At  low  altitudes,  where 

alfalfa  is  perfectly  hard^  and  will  make  a  crop  on  any  soil 

under  almost  any  kind  cf  treatment,  it  may  be  planted 

with  light  seeding  of  oats,  barley  or  wheat.     Where  there 

is  any  difficulty  or  question  about  establishing  an  alfalfa 

ipeadow  the  nurse  crop  should  not  be  used.    To  determine 

the  eflfect  of  planting  with  or  without  a  nursecrop,  some 

exi>eriments,  have  been  carried  out  at  Laramie.     In  1897 

a  plat  was  divided  in  two  parts,  one  of  w^hich  was  sown  to 

alfalfa  with  a  nursecrop  of  oats  and  the  other  without  oats. 

Sixtf*en  pounds  of  alfalfa  seed  per  acre  wa«  used  on  each 

portion  of  the  plat.    Our  illustration  made  from  a  photo- 

irraph  of  average  plants  taken  from  each  part  of  the  plai 

in    the  summer  shows  the  difference  in  grow^th   the  first 

season.    The  plants  were  more  thrifty,  larger  and  strong- 
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er  where  grown  alone.     Table  I  gives  the  results  in  yield 
per  acre  for  1898  and  1899. 

Table  I. — Alfalfa  with  and  without  Nurse  Crop,  Laramie, 

Sown  1807. 


1H9H 

1800 

1 

Average  Yield 
Two  Yean 

Date 

3 

without  Oats 

Date 

1 

5 

% 

% 

o 

without  Oats 

e 
lbs 

c 

1                            c 

e 
o 

X 

lbs. 

c 

1   ' 

s 
a 

1    ibs. 

1      lbs. 

lbs 

»■«. 

First  Crop  .    .    . 

July  14 

2.W7 

4100 

July  21       2MM 

2HftH 

\     2576 

:m7>* 

1^ 

Second  Crop  .    . 

Sept.  8 

2842 

3713 

Sept.  11       HMO 

4r>:in 

2040 
4806 

V&\ 

25T6 

!C1 

Total 

7S13 

4967 

aiM 

r:* 

Gain 

2414 

1 

360 

1 

lOhT 
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This  shows  that  the  eflfect  of  sowing  with  the  oats  was 
felt  by  the  alfalfa  for  three  years  after  planting  and  re^ 
duced  the  average  yield  over  one-half  ton  i>er  acre,  while  in 
the  two  seasons  nearly  one  and  one-half  tons  per  acre  more 
hay  was  obtained  from  the  plat  on  which  alfalfa  was  sown 
alone.  At  Laramie  prices  it  is  doubtful  if  the  oats  secar 
ed  would  be  worth  as  much  as  the  value  of  the  hay  from 
the  two  succeeding  crops  of  alfalfa,  and  they  certainK 
would  not  pay  if  the  injurious  effects  are  more  lasting  than 
this  in  the  alfalfa  meadow. 

In  1899  two  other  plats  were  planted  with  and  with 
out  a  crop  of  oats.  They  were  planted  June  15.  usin^' 
about  twenty  pounds  of  alfalfa  seed  per  acre.  The  plat 
planted  without  oats  was  cut  on  f^eptember  11  and  yielded 
1,187  f>ounds  of  cured  hay  per  acre.  The  hay  contained  t 
little  volunteer  grain  and  there  was  an  occasional  stalk  of 
alfalfa  from  a  previous  seeding  which  increased  the  yield 
somewhat.    The  plat  sown  with  Cape  oats  was  banested 
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August  18  and  yielded  2,778  pounds  of  straw  and  grain  per 
acre  from  which  was  threshed  792  pound®  of  oats. 
A  fine  stand  of  alfalfa  was  obtained  on  this  plat 
which  grew  from  one  to  two  inches  higher  than 
the  oat  stubble  in  the  fall.  There  was  not  so 
much  apparent  difference  in  the  growth  of  al- 
falfa on  the  two  plats  as  noted  in  1897,  but  the  final  results 
can  not  be  reported  until  more  crops  of  alfalfa  can  be  har- 
vested. It  should  be  said  that  the  Cape  oat  is  a  very  early 
variety  which  produces  short  straw  and'  few  leaves.  It 
shades  the  alfalfa  mu<ih  less  than  the  coarser  strawed  va- 
rieties and  being  cut  early  gives  the  alfalfa  time  to  re- 
cover strong  growth  in  the  fall.  It  is  not  a  heavy  yielder 
but  is  very  early,  produces  a  short,  quick  growth  and  can 
be  recommended  for  localities  with  short  season  and  for 
planting  with  alfalfa  where  it  is  desired  to  grow  it  with  a 
nurse  crop. 

WHEN     TO     CUT     AND     HOW     TO     CURE— Al- 
falfa  should  be  cut  when  budded  or  just  before  it  has 
reached     full     bloom.       Experience     in     other     places 
shows     that     the     hay     contains     more     nutriment     at 
this     time     than     before    budding     or    after    blooming. 
If    allowed    to    go    to    seed    the    stems    become    coarse, 
iiard    and    woody   and    lose  many    of   the   lower   leaves. 
After  cutting  the  plants  grow  rapidly  and  where  the  sea- 
son is  long  may  be  harvested  three  or  four  timee.    With 
short  seasons  above  six  thousand  feet  altitude  it  will  usual- 
ly not  be  cut  more  than  twice  and  on  the  Laramie  Plains 
only  the  first  cutting  produces  a  full  crop.    The  value  of 
trlie  hay  depends  much  on  the  method  and  care  used  in  cur- 
ing it.    Alfalfa  can  not  be  cured  the  way  native  hay  is  us 
rially  handled.     After  cutting  it  should  be  allowed  to  lie 
in  the  swath  only  long  enough  to  become  well  wiJted,  when 
it:   should  be  raked  into  windrows  where  it  may  be  left  a 
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few  hours  or  a  day  before  putting  into  cocks.  Many  rake 
in  the  evening  what  was  cut  in  th^  morning  of  the  same 
day.  It  should  not  be  left  long  enough  to  become  dry  ana 
brittle  or  many  of  the  leaves  will  rattle  off  in  raking,  wbich 
reduces  the  value  of  the  hay.  Many  use  the  rake  for  bunch- 
ing the  hay  from  the  windrow,  but  it  leaves  the  hay  in  loose, 
rough,  tangled  masses  difficult  to  handle  or  manage  if  large, 
and  the  curing  is  not  so  well  done  as  w^hen  the  hay  is  made 
into  cocks  with  the  fork.  Unless  press  of  w^ork  or  lack  of 
help  makes  it  necessary  to  bunch  with  the  rake,  cocking 
the  hay  by  hand  with  the  fork  is  to  be  recommended.  The 
principal  part  of  the  curing  is  done  in  the  cock,  and 
w^hen  well  done  the  hay  does  not  lose  its  leaves,  retains  its 
beautiful  green  color,  and  will  not  must  or  spoil  in  thf 
stack.  Some  experience  and  good  curing  weather  are  nee 
essary  to  insure  the  hay  being  in-  the  most  perfei*t  condi- 
tion when  it  comes  out  of  the  stack.  While  perfection  is 
difficult  to  attain  there  is  little  difficulty  in  obtaining  a 
good  quality  of  hay. 

To  show  the  amount  of  water  lost  in  curing,  we  weighed 
the  hay  from  one  hundred  square  feet  on  acre  plat  8.  and 
again  weighed  it  when  fully  cured  and  ready  to  go  into  the 
stack  in  1805.  The  yield  of  green  hay  was  at  the  rate  ol 
24.874  pounds  per  acre,  and  of  cured  hay  6,540  pounds  per 
acre,  showing  a  loss  of  73.7  per  cent  in  weight  before  it 
went  into  the  stack.  Shrinking  undoubtedly  goes  on  for 
some  time  after  stacking. 

ALFALFA  AS  A  HAT  CROP. 

The  feeding  value  of  alfalfa  is  recognized  wherever  it 
has  been  grown.  Its  composition  and  digestibility  have 
been  determined  in  many  places  and  its  nutritive  and  fat 
tening  qualities  have  been  demonstrated  in  a  practical  way 
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in  every  land  since  the  Romans  fed  it  to  their  horses.  More 
study  of  its  value  compared  with  other  fodders  in  our  state 
will  give  more  complete  information  than  is  possible  for 
lis  to  report  at  this  time.  We  know  something  of  its  value, 
limitations  and  management  from  our  own  experience.  The 
Station  has  carried  out  some  experiments  in  stock  feeding 
with  alfalfa  at  Lander.  The  results  of  our  first  feeding 
trials  there  with  cattle  and  sheep  are  rei>orted  in  Bulletin 
No.  80  of  this  Station.  In  a  later  exi>priment  which  has 
not  yet  been  reported  cows  were  fed  with  alfalfa  alone, 
with  the  best  timothv  hav,  and  with  timothv  and  alfalfa 
mixed.  Those  fed  alfalfa  alone  made  larger  gainis  than 
those  given  other  hay.  Some  trouble  was  experienced  with 
the  alfalfa  bloating  the  stock  when  allowed  to  eat  all  they 
would  of  the  hay.  Mr.  Meyer,  the  Superintendent,  attri- 
buted the  trouble  to  close  confinement  of  the  stock,  as  he 
Lad  experienced  no  difficulty  with  alfalfa  where  his  cattle 
could  exercise  in  the  open. 

The  tendency  of  cattle  and  sheep  to  bloat  on  alfalfa,  both 
ir  the  green  state  when  pastured  or  in  the  dry  state  when 
:li<»  hav  is  carelesslv  fed  to  stock  not  accustomed  to  it,  is 
veil  understood  and  some  caution  and  judgment  must  be 
exercised  to  avoid  accidents  of  this  kind  which  may  result 
seriously.  The  writer  has  had  experience  in  feeding 
alfalfa  for  many  years  and  has  never  personally  observed 
a  serious  case  of  bloating  from  feeding  the  dry  hay.  How- 
ever we  have  known  of  others  losing  cows  from  such  bloat- 
ing but  undoubtedly,  in  every  case,  it  could  have  been  pre 
vented.  It  usually  occurs-  when  animals  which  have  not 
been  accustomed  to  alfalfa  hay  are  fed  all  they  can  eat  of 
it  when  hungry,  or  perhaps  when  both  hungry  and  thirsty, 
and  then  allowed  to  drink  freely  when  their  stomachs  are 
distended  with  hay.  Alfalfa  is  one  of  the  most  palatable 
fodders  and  animals  which  are  hungry  or  those  which  nat- 
-(5) 
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urally  have  greedy  appetites,  as  Jersey  cows,  will  gorge 
tlic'ms.elTea  with  it  if  allowed  to  do  so.  Sach  animals 
Bhonld  be  fed  sparingly  nntil  they  become  used  to  the  diet, 
allowing  plenty  of  exercise.  If  the  animal  does  become 
eerionsly  bloated  from  eating  either  the  green  or  dry  al- 
falfa, the  timely  use  of  the  trocar  will  always  save  their 
lives.  There  is  some  difference  t>etween  the  different  cat- 
tings  of  alfalfa  in  its  tendency  to  bloat  cows.  The  first  cat- 
ting is  considered  the  best  hay  for  horses  and  will  not 
bloat  cattle  as  readily  as  will  cuttings  made  Inter  in  the 
season,  though  many  now  prefer  second  or  third  cutting 
for  milch  cows.  At  Laramie  the  first  crop  will  cure  in 
much  shorter  time  than  is  required  for  the  last  cutting. 
The  plants  are  less  succulent  and  mature  better  in  the  first 
half  of  the  s 


Poorly  matured  alfalfa  when  put  into  the  stack  too 
green  or  wet  will  become  musty  the  same  as  other  clovers. 
Feeding  this  hay  to  horses  gives  tbem  a  disease  wbicli 
farmers  often  call  "heaves."  True  heaves  is  probably  dot 
to  overfeeding  such  fodders  while  the  trouble  under  con- 
sideration is  undoubtedly  a  bronchial  affection  due  to  irri- 
tation produced  by  the  dust.  The  animals  soon  recover 
as  a  rule  when  the  dasty  bay  causing  it  is  replaced  by 
clean  food. 

Much  interest  is  taken  in  the  subject  of  pasturing  al- 
falfa. Its  use  as  pasture  can  be  recommended  for  horses 
and  swine,  especially  for  the  last  named  animals.  The 
careful  farmer  who  gives  the  subject  intelligent  personal 
attention  may  succeed  in  pasturing  cattle  and  sheep  on  alfal 
fa  without  serious  losses  but  our  advice  is  to  never  use  such 
fields  for  cattle  and  sheep  pasture.  It  is  dangerous  to  the 
stock  and  injurious  to  the  alfalfa.  On  the  Laramie  Plains, 
and  no  doubt  the  statements  are  true  for  all  high  altitudes, 
at  least,  the  young  plants  are  not  strong  enough  to  stand 
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long  continued  pasturing  the  first  year  after  sowing  the 
seed,  and  we  believe  much  tramping  injurious  at  any  time. 
The  alfalfa  field  has  a  hay  producing  power  which  gives  it 
a  value  suflQciently  great  without  trying  to  overdo  the  mat- 
ter by  pasturing  it  the  remainder  of  the  year.  If  cattle 
are  allowed  access  to  the  growing  alfalfa,  however,  it  should 
be  remembered  that  danger  of  bloating  is  especially  great 
when  the  s  ;ock  is  first  turned  in  the  meadow,  when  the  dew 
is  on  the  plants,  or  during  wet  weather,  or  when  the  plants 
have  been  frosted.  The  farmer  who  takes  these  risks  should 
ever  have  his  trocar  or  sharp  knife  ready  to  save  the  life 
of  his  animals  by  puncturing  the  stomach  to  let  out  the 
accumulated  gas.  The  difficulties  we  have  mentioned  are 
such  as  are  experienced  in  Eastern  states  with  clovers. 
They  may  be  overcome  by  proper  care  and  management 
and  should  not  deter  the  farmer  from  growing  and  making 
profitable  use  of  this  plant. 

TIELDS  OF  ALFALFA  OBTAINED  IN  OBOPPINO 

EXPEBIMENTS. 

The  yields  we  have  obtained  on  the  Experiment  Farms 
will  indicate  the  cropping  qualities  of  alfalfa  in  the  locali- 
ties where  it  has  been  grown.  The  yield  of  hay  produced 
at  Laramie  is  of  especial  interest,  as  it  shows  the  advan- 
tage of  alfalfa  over  native  hay  at  this  altitude.  It  should 
be  said  that  native  grass  will  probably  not  produce  an  av- 
erage of  more  than  a  ton  of  cured  hay  per  acre,  though  it 
may  yield  as  much  as  two  tons  or  more  in  favored  locali- 
ties. Often  the  amount  obtained  is  only  a  fraction  of  a 
ton  per  acre.  One  year  on  the  Experiment  Farm  we  ob- 
tained as  much  hay  from  a  single  acre  of  alfalfa  as  was 
produced  on  thirty  acres  of  irrigated  native  meadow  on  an 
adjoining  field.  The  native  meadow  here  referred  to  was 
a  very  poor  one  and  not  worth  cutting,  but  such  results  are 
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often  obtained  tlie  firsit  year  or  two  after  irrigating  to  make 
them  produce  hay.  That  an  idea  of  our  average  results 
may  be  obtained  we  report  the  yields  from  each  field  sep- 
arately and  of  each  cutting  for  the  number  of  seasons  the 
alfalfa  has  been  grown. 

Table  II. — Acre  Plat  8.     Alfalfa  at  Laramie.     Area^  o.j2  acre. 


Year 


1«« 

1897 

1898 


Average  yield  per  acre. 


First  Crop 


Date 
Harvested 


Yield 
per  Acre 


Second  Crop 


Aug.  tt 
uly7 
ulv  16 
uiy  14 


} 


ihx. 

5019 
IMl* 
a8«0 
4759 


3820 


Date 
Harvested 


Sept.  24 
Sept.  8 
Sept.  9 
Sept.  8 


Yield 
per  aicre 


i6s, 

2557 
3040 
38(J0 
3909 


3341 


Toul 

Yield 

per  Acre 


Ihs 

73T6 
4681 

TttSS 

896^ 


*Only  partial  crop,  as  It  was  Injured  by  hall. 

Acre  plat  8  was  planted  in  1S93  but  failed  to  make  a 
stand.  Was  given  12  loads  manure  iier  acre  in  winter. 
plowed  uj)  in  spring  of  1894  and  resown  at  the  rate  of  4<) 
pounds  stM*d  per  acre.  Crop  produced  in  1894.  first  Tear, 
from  seed,  was  1967  pounds  per  acrt*.  For  irrijjation  of  this 
plat,  see  No.  2  in  Table  XV,  on  Duty  of  Water,  Pajre  Sii. 


Table  III. — Acre  Plat  iS.     Alfalfa  at  Laramie. 

Area,  0.06  acre. 


Year 


1W7 

ISflH 
18u« 


Average  yield. 


Fisrt  Crop 


Yield 
per  Acre 


i5i:i 

»S»5 
2430 


•>i 


ti03 


Second  Crop 


;        Date 
i  Harvested 


Sept. 
Aug. 
Sept. 

0 
11 

Yield 
per  Acre 

25S7 
1273 


%)\\ 


I' 

1 1  Toul 

1  YieW 

I '  per  Acre 


Ih 

1'    m 
II    "^ 


Plat  18  was  planted  in  sjirinj?  of  1896  at  the  rate  of -^^ 
l)our)ds  of  seed  i>er  acre.     The  alfalfa  made  only  a  sbort 
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growth  the  first  season,  but  was  cut  in  the  fall,  largely  to 
remove  the  weeds  which  had  grown  with  it.  As  it  consist- 
ed largely  of  weeds,  the  hay  was  not  weighed  to  obtain  the 
yield. 


Table  IV. — Acre  Piat  27,     Aljalfa  at  Laramie, 

Area,  03  acre. 


Year. 

First  Crop 

Second  Crop 

1 

Total 
1        Yield 
p)er  Acre 

Date 
Harvested 

Yield 
pet  Acre 

Date  . 

Harvested 

1 

Yield 
per  Acre 

1898 

1899 

July  18 
July  34 

lbs. 

4848 

1 

Sept.  8 
Sept.  11 

lbs. 
2985 
2704 

2M4 

lbs. 
«20(i 

Average  yield   .  '. 

4175 

1 
1 

7019 

1 

» 

Plat  27  was  planted  in  1897  at  the  rate  of  18  pounds 
seed  per  acre,  with  nurse  crop  of  oats.  On  May  12,  1898,  a 
few  thin  spots  were  resown. 

Table  V. — %East  Field.     Alfalfa  at  Laramie. 

Area,  3.87  acres. 


Year 


First  Crop 


Date 
Harvested 


1898 

1^9 


July  15-10 
July  19 


Second  Crop 


Yield       'I       Date 
per  Acre    1 1  Harvested 


lbs. 
289* 
3005 


I     Sept.  13- 


Yield 
per  Acre 


lbs. 
1132 
2314 


Total 

Yield 

per  Acre 


lbs. 
5319 


•About  one-fourth  of  the  field  cut.  The  rest  was  from  the  same 
season's  planting  and  too  small  to  harvest.  This  yield  is  based  on  en- 
tire area  of  field   sown. 


The  ea«ft  field  was  planted  in  1897  at  the  rate  of  20.6 
pounds  of  seed  per  acre.  It  was  sown  with  nurse  ci*op  of 
oats.  Only  a  part  of  it  grew,  and  nearly  all  of  the  plat'  was 
resown  in  1898,  using  at  the  rate  of  20  pounds  of  seed  per 
acre. 
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Acre  Plat  16. — Alfalfa  at  Laramie — Tnrkestan  and 
coniinon  form.    For  report  see  Table  XIII,  Page  72. 

Acre  Plat  15. — Alialfa  at  Laramie,  aowD  with  and  with- 
out niii-se  crop.    For  report  of  yields,  aeo  Table  I,  Page  58. 

Acre  Plat  2. — Alfalfa  at  Laramie — On  alkali  ground. 
For  report  of  yields,  see  Table  XIV,  Page  75. 

Arre  Plat  17.— Alfalfa  at  Laramie.  North  part  of  plat, 
area  0.70  acre,  planted  Jane  15,  1899,  at  rate  of  20  pounds 
seed  ppr  acre,  without  nurse  crop;  was  cut  Sept,  11  and 
\-jeldpd  at  the  rate  of  1187  pounds  hay  per  acre.  The  plants 
did  not  make  a  large  growth,  but  contained  some  volunteer 
grain  and  an  occasional  plant  of  old  alfalfa,  which  increased 
the  yifld   somewhat. 

Acre  Plat  17.— South  part  of  plat,  area  0.25  acre,  was 
planted  May  12,  1S09  at  rate  of  20  pounds  seed  per  acre, 
with  a  nurse  croji  of  oats.  The  oats  were  harvested  Aug.  18, 
after  which  the  alfalfa  grew  from  one  to  two  inches  higher 
than  the  oat  stubble.  .\  jrood  stand  of  alfalfa  was  secured 
on  both  parts  of  the  plat. 

Acre  Plat  3.1.— Alfalfa  at  I.jn-amie.  -Vrea,  0,46  acre. 
Planti-d  in  spring  of  1890  by  drilling  with  timothy  on  stub- 
ble jjinund.  The  timothy  failed  to  grow.  The  alfalfa  made 
piHid  frrowth  for  the  first  st'as<in.  It  was  cut  on  Sept.  11 
ami  yielded  at  the  rate  of  1766  ponnds  per  aire. 

Alfalfa  on  new  sod  land,  Laramie. — Area,  5.4  acres. 
Planted  in  spriug  of  1809  at  the  rate  of  18  pounds  seed  per 
iicii?  with  ;18  pounds  oats  per  acre.  A  good  stand  of  alfalfa 
was  secured,  but  it  did  not  make  large  growth. 

ALFALFA  <'R<»PS  .\T  ALTITUDES  BELOW  6,00(1 
FEKT.— We  have  a  few  records  of  alfalfa  yields  at 
Lander.  Sheridan  and  Wheatland,  where  sub-statioo 
farms  were  located.  In  1895  1  examined  the  alfalfa  at 
Sundance,  which  has  been  planted  since  the  experiment 
faiiii    was   established   in  1891.     The   plants   were   small. 
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weak  and  thinly  scattered,  having  more  the  appear- 
ance of  the  first  year's  growth  than  of  having  been  estab- 
lished four  or  five  years.  The  Sundance  farm  depends  on 
the  rainfall,  which  ranges  from  17  to  20  inchee  per  year.  It 
is  doubtful  if  alfalfa  will  succeed  in  that  region. 

The  following  tables  give  the  results  at  Lander  of 
which  we  have  reports.  The  Lander  farm  is  located  at  an 
altitude  of  about  5,500  feet. 

Table  VI. — Acre  Plat  43,     Alfalfa  at  Lander, 

Planted  in  1891. 


Year. 


1892 
ISfW 


First  Crop 


Date 
Harvested 


Aug.  S 
July  17 
Oct.  1 


*189r> Sept.  28« 


Yield 
per  Acre 


lbs. 


3000 
Cut  for  seed. 
Cut  for  seed. 


Second  Crop 


Date 
Harvested 


Oct.  6 
Sept.  13 
yield  312  lbs 
yield  340  lbs 


Yield 
per  Acre 


lbs. 


4000 
seed  per  acre 
seed  per  acre 


Total 

Yield 

per  Acre 


lbs. 
WKX) 
7000 


*The  plat  was  accidentally  Irrigated  on  August  20,  whicli  caused  a 
second  growth  of  seed  that  did  not  ripen  and  reduced  the  yield. 


Table  VII.— ^^r^  Plat  8.     Alfalfa  at  Lander 

Planted  May  15,  1893. 


First  Crop 


Second  Crop 


Year 


Date 
Harvested 


urn I     Sept.  12 

1H94 I 

1885 July  5 


Yield 
per  Acre 

lbs. 
10(K) 
.%00 
5000 


Date 
Harvested 


Sept.  11 


Yield 
per  Acre 


lbs. 


1500* 
30(H) 


Total 

Yield 

per  Acre 


lbs. 


8000 


♦This    crop   was   badly    injured   by   the   Utah   crickets,    which    de- 
voured  everything  in   their  path. 

SHERIDAN.— The  Sheridan  farm  is  located  at  an  al- 
titude of  about  4,000  feet.  The  soil  is  clay  underlaid  with 
hard  pan,  but  alfalfa  makes  remarkable  growth  and  yields. 
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No  doubt  it  will  do  better  on  other  farms  near  Sheridan 
where  the  soil  is  deeper.  We  have  but  few  reports  of  crops 
raised.  In  181)6,  acre  plat  5  was  planted  to  alfalfa.  It  was 
cut  August  1  to  kill  the  w^eeds,  and  Sei>t.  10  the  first  year  it 
yielded  1200  pounds  per  acre.  In  1897,  on  June  iil.  3700 
pounds  of  hay  per  acre  were  obtained,  but  no  other  reports 
were  wade  on  the  plat.  The  following  table  gives  the  re- 
sults on  the  only  other  field  reported. 

Ta B LE  V ill . — Acr^  Plat  jo.      A ifalfa  at  Sheridan . 

Planted  May  24.  1894. 


3 

> 

Firtt  Crop 

Second  Crop 

1 

Third  Crop 

1     T.--tal ' 
V«.d 

Date 

Yield 

Date 

Yield 

Date 

Yield 

1 

,1 

1894. 

Aug.  2» 
June  26 
June  25 
June  20 

lbs, 

•      «              •      •      ■ 

(WOO 

A4ao 

Sept.  24 
Aug.  21 
Aug.  10 
Aug.  n 

lbs, 
l.'MO 

lbs. 

■     ih 

18A5 

'      liir'«k) 

lim. 

i(m. 

6000 
G200 

'     Sept.  2S 
Oct.  3 

4000 
1800 

144:JD 

1 

*Cut  to  kill  the  weeds. 


WHEATLAND.— The  sub-station  farm  at  Wheatland 
was  located  at  an  altitude  of  about  4,700  feet.  The  soil  is  a 
deep  sandy  loam  and  the  season  is  long.  The  alfalfa  is  usu- 
ally cut  three  times  and  large  yields  are  secured.  ?^everal 
fields  of  alfalfa  were  grown  to  improve  the  land  for  other 
crops,  usually  being  plowed  under  when  green,  the  fall  of 
the  year  it  was  planted.  In  1895;  Plat  1  was  sown  with  al- 
falfa for  the  purpose  of  plowing  under  as  a  green  manure. 
It  made  such  rapid  growth  that  it  was  harvested  on  Julv 
22  and  yielded  2,400  pounds  hay  per  acre.  The  second  crop 
was  plowed  under.  The  same  year,  1895,  Plat  2  was  treated 
in  the  same  manner.  The  first  crop  yielded  2,540  pounds 
per  acre.  Plats  7,  8  and  9  were  treated  the  same  and  yielded 
at  the  first  cutting  2,100  pounds,  2,600  pounds  and  2.45«) 
pounds  per  a(*re,  respectively.     The  following  tables  give 
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the  results  with  fields  on  which  the  alfalfa  was  allowed  to 
isjiH)w  more  than  one  year: 


Table  IX.— Acre  Plat  ig.     Alfalfa  at  Wheatland, 

Planted  June,  1891. 


Year 


1892 

1893 

1««M 

1895 

\^m 

Average,  first  3  yrs 


First  Crop 


Date 


July  6 
July  5 
June  23 
Cut  for 
Lett  lor 


Yield 


Second  Crop 


Third  Crop 


Date 


lbs 
(»00 
6680 
8000, 
seed,  yield 
seed 

7060 


Aug.  3 

Aug.  9 

Aug.  6 

181  pounds 

but  was 


Yield 

_ 

lbs. 

5400 

4872 

7000 
seed  per 
injured  by 


Date 


Sept.  26 
Sept.  16 
Sept.  17 
acre, 
hail  June 


5757 


Yield 


lbs. 
3850 
4200 
4352 


2l8t. 


4134 


Total 

Yield 

per  Acre 


lbs. 
15750 
157.52 
19:i53 


16951 


Table  X  — Acre  Plat  12.     Alfalfa  at  Wheatland, 

Planted  in  1894. 


Year 


1895 
1896 


Second  Crop 


Third  Crop 


Date 


Aug.  16 
Aug.  3 


Total 
H  Yield 
!i  per  Acre 


lbs. 
20402 
10380 


•Owing  to  shortaere  of  water  for   irrl^ratlon   in  1896,   only   two  crops 
were  obtained. 


Table  XX^—Acre  Plat  17,     Alfalfa  at  Wheatland, 

Planted  in  1894. 


Year 


1896 

1896 


First  Crop 

Second  Crop 

1 

Third 

Crop 

Date 

Yield 

Date 

Yield 

Date 

Yield 

June  28 
June  20 

lbs. 
4312 
6720 

Aug.  16 
July  29 

lbs. 
4500 
4750 

Sept.  18 

• 

lbs. 
2540 

Total 

Yield 

per 

Acre 


lbs. 

iia52 

11470 


•No  third  crop  reported,  probably   for   same   reason   as   that   given 
under  Acre   Plat   12. 
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Table  XW.—Acre  Plat  26,     Alfalfa  at  Wheatland. 

Planted  in  1K92  (?) 


Year 


First  Crop 


Date 


Yield 


l''«i July  5 

1M4 • 

JM»3 June  28  ' 


Ihs. 


5214 


Second  Crop 


Date 


Aug  9 
l.efi  for 
Left  for 


Yield 


lbs. 
i\\7 
fteed.  Pro 
»ced.»* 


Third  Crop 


Date 


Yield 


Total 

Yield 

per 
Acre 


Sept.  16 
;duced  122 


its.       1'      ih. 
lt»   seed      per  acre 


i 


*Flrst  crop  destroyed  by  army  wonnB.  (Species  not  known.) 

**After  first  cutting  was  left  for  seed.     At  time  of   frost,   on  Sept 
21,  about  one-half  the  seed  was  mature.    The  crop  was  not  harvested. 


TURKESTAN  ALFALFA. 

*  i^Midicago  sativa  Turkestanica.) 

The  set^d*  of  this  new  variety  of  alfalfa  was  imported 
by  the  U.  S.  I>epartinent  of  Agriculture  and  a  small  amount 
was  sent  to  this  Station  for  trial  in  the  spring  of  1895  A 
small  plat  12x99  feet  was  planted  with  it,  by  sowing  broad- 
east,  the  first  week  in  June.  Two  pounds  of  seed  were 
used  on  the  plat.  It  came  up  June  10th,  making  a  thick 
stand,  and  made  a  growth  of  about  four  inches  the  first  sea- 
son. Little  attention  was  given  t|ie  crop  in  1896  and  the 
yield  of  the  single  cutting  made  was  very  small.  The  crop 
looked  promising  in  1897  and  was  left  to  grow  as  long  a& 
Iios>sible  with  the  hope  that  it  would  ripen  seed.  It  was 
planted  so  thickly,  however,  that  the  seed  failed  to  ripen.** 

It  was  not  cut  till  aftei  frost  had  stopped  its  growth 
and  the  yield  obtained  was  only  ordinary  for  a  single  cnt- 

♦Since  the  Secretary  of  Agriculture  reported  our  success  with  Tur- 
kestan alfalfa  we  are  receiving  many  inquiries  for  the  seed  from  farm- 
ers all  over  the  United  States.  The  seed  can  not  be  obtained  In  thi^ 
country,  as  no  one  has  yet  rafsed  It  for  market.  Prof.  Jared  Q.  Smith  oJ 
the  Division  of  Botany,  in  the  U.  S.  Department  of  Agriculture,  has  vAi 
rriH  that  the  Department  is  making  an  attempt  to  import  more  of  this 
?e»'d  for  distribution  in  small  amounts. 

**Mr.  A.  H.  Danielson,  an  assistant  in  this  department,  who  was 
tht  n  an  agricultural  siudent  In  the  University,  was  given  a  smaU  hand- 
ful of  the  seed  which  was  furnished  us  by  the  Department.  He  took  ••^ 
home  and  threw  it  in  the  back  yard.  It  came  up  and  has  since  ripened 
a  little  seed,  which  he  has  kindly  offered  us.  with  It  we  hope  to  make 
^  thin  planting  which  will  produce  more  of  the  seed  for  future  use. 
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ting.  If  it  had  been  cut  twice  or  earlier  in  the  season  the 
yield  would  undoubtedly  have  been  much  better.  Some 
botanists  have  claimed  that  the  Turkestan  alfalfa  differs 
from  the  species  in  having  more  hairy  leaves  and  making 
smaller  growth,  but  we  have  been  unable  to  detect  any 
botanical  difference  whatever.  A  stem  of  each  variety  was 
shown  a  Botanist  who  thought  he  knew  the  difference  and 
he  was  unable  to  say  which  was  common  alfalfa  and  which 
the  new  variety.  Its  growth  appeared  the  same  to  us  and 
we  gave  it  little  attention  until  the  severe  winter  of  1898- 
99  put  it  to  the  test.  On  all  parts  of  the  farm  plats  of  al- 
falfa showed  more  or  less  winter  killing,  but  to  all  appear- 
ances not  a  single  plant  of  the  Turkestan  variety  had  been 
killed.  We  find  that  it  has  also  shown  its  hardiness. in  oth- 
er places  and  we  no  longer  doubt  its  superior  cropping  qual- 
ities. Not  only  does  it  seem  to  be  hardier  but  under  our 
conditions  it  has  produced  larger  yields  than  the  old  varie- 
ty, when  planted  side  by  side,  and  given  the  same  treat- 
ment, in  time  and  amount  of  irrigation  and  method  of 
handling.  Its  difference  from  the  common  form  seems  to 
be  in  constitution  and  hardiness  or  from  favorable  results 
due  TO  change  of  seed.  No  doubt  both  of  these  conditions 
have  their  influence  on  its  success  in  this  country  and  gives 
the  variety  greater  value,  especially  for  our  high  altitude. 

Our  results  with  Turkestan  alfalfa  are  given  in  Table 
13,  in  which  we  have  also  compared  the  crops  produced 
from  a  plat  of  the  ordinary  form  which  was  planted  near 
it  for  comparison.  Averaging  the  results  for  the  last  two 
seasons,  1898  and  1899,  when  they  have  been  cut  for  hay 
and  cured  alike,  sliows  the  superior  cropping  qualities  o^ 
the  new  variety,  which  produced  over  three-fourths  of  a  ton 
more  hay  per  acre.  For  amounts  of  water  used  on  these 
plats  in  irrigating  in  1899,  see  No.  10  in  Table  XV,  Page  80, 
on  Dutv  of  Water. 
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WINTER  KILLING  OF  ALFALFA. 

'  Only  general  statements  will  be  made  here  regarding 
the  killing  af  alfalfa  plants  during  the  winter.  So  far  as 
we  have  observed,  the  trouble  is  no  more  apt  to  occur  at 
high  altitudes,  on  the  Laramie  Plains  than  it  is  at  lower 
altitudes  in  other  parts  of  the  state.  The  trouble  reported 
from  Wheatland  and  other  localities  has  been  more  exten- 
sive than  any  we  have  experienced  at  Laramie. 

Little  is  positively  known  of  the  cause  of  winter  kill- 
ing of  alfalfa.  Apparently  it  is  due  to  hard  freezing  when 
the  ground  is  very  wet.  If  water  is  run  on  the  plants  just 
before  hard  freezing  there  is  danger  that  they  may  be  kill- 
ed. In  places  where  heavy  snow  fall  melts  during  the  day, 
and  the  surface  of  the  soil  becomes  thawed  out,  so  the  wa- 
ter runs  into  the  soil  around  the  crown  of  the  plant  and 
freezes,  the  alfalfa  crown  will  die  and  will  be  found  in  the 
spring  in  a  soft,  mushy  or  decayed  condition.  Ice  may  form 
over  the  alfalfa,  or  snow  cover  it  .all  winter  without  injury 
to  it,  but  if  ice  does  no  damage  it  is  probably  due  to  the 
ground  being  frozen  before  the  ice  i^  formed  over  the  sur- 
face and  the  crowns  of  the  plants,  which  are  usually  below 
the  soil  surface,  do  not  come  directly  into  contact  with 
freezing  water.  In  the  opinion  of  the  writer  winter  kill- 
ing is  generally  due  to  free  water  freezing  around  the  crown 
of  the  plant.  Whether  the  freezing  of  the  water  in  the 
plants  ruptures  the  cells  or  not  has  not  been  determined. 
During  dr}',  open  winters  little  or  no  alfalfa  which  has  been 
growing  long  enough  to  become  well  establisihed  is  lost 
unless  it  be  in  low,  wet  places.  As  shown  elsewhere  in  this 
bulletin,  the  Turkestan  alfalfa  seems  better  able  to  live  un- 
der adverse  conditions  than  the  form  commonly  grown, 
but  with  proper  precaution  in  locating  the  alfalfa  field  and 
care  in  handling  it,  winter  killing  is  not  a  serious  trouble 
with  us.    The  spring  of  1899,  after  the  unusually  hard  win- 
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ter,  was  the  only  time  we  have  observed  any  extensive  win- 
ter killing  on  the  Experiment  Farm.  The  writer's  opinion 
in  regard  to  its  cause  is  the  result  of  studying  these  in- 
stanc-es  along  with  observations  in  other  places. 

ALFALFA  AND  ALKALI  SOILS. 

Alfalfa  is  one  of  the  most  valuable  plants  to  sow  on 
low  parts  of  the  farm  which  may  become  useless  through 
the  rise  of  alkali  from  below,  at  least  if  this  land  has  such 
drainage  that  the  free  ground  water  does  not  stand  nearer 
than  two  or  three  feet  from  the  surface.  Alfalfa  stands 
the  white  alkali  comparatively  well,  shades  the  ground, 
which  prevents  rapid  evaporation  from  the  soil  surface,  and 
sends  its  roots  deep  into  the  lower  soil  to  feed.  We  have 
reported  on  the  germination  and  growth  of  alfalfa  in  sever- 
al experiments  which  indicate  its  usefulness  for  such 
soils,"  It  is  true,  however,  that  in  places  which  accumu- 
late large  amounts  of  alkali  the  free  soil  water  usually 
tomes  near  the  surface  -for  a  part  of  the  year  at  least. 
Whether  the  soil  water  contains  alkali  salts  in  solution  or 
not.  if  it  stands  near  the  surface  alfalfa  will  »oon  die.  and 
much  less  salt  evidently  has  deleterious  effect  in  such 
places. 

In  1897  we  planted  alfalfa  on  an  acre  of  land  which 
was  near  that  already  destroyed  for  ordinary  crops  by  the 
rise  of  salts  to  the  surface.  A  part  of  the  land  had  failed 
to  grow  a  crop  of  oats  planted  with  the  alfalfa  as  a  nurse 
<rop.  and  where  the  oats  had  failed  to  grow  the  alfalfa 
had  a  sickly  appearance.  A  good  stand  of  alfalfa  was  se- 
cured. In  1898  tlie  acre  yielded  two  and  three-fourths  tons 
of  hay.  On  the  lower  part  of  the  plat  the  alfalfa  began  to 
die  that  year  and  nearly  one-half  the  total  area  has  become 
tinjiroductive.    The  yield  of  hay  in  18!)ft  fell  to  a  little  over 

•Sse   Bulletins   Nob,   29  anil  3S.  and  Ninth  Annual  Report.  Wjomlns 
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one   and   one-half   tons.     The  following   table   gives  the 
crops  produced  on  this  land : 

Table  XIV.— Acre  Plat  2.     Alfalfa  on  Alkali  Land.     Laramie. 

Area  .96  acre. 


1 

First  Crop 

1 

Second  Crop 

Total 

Yield 

per  Acre 

Year 

Date 
Harvested 

1 

Yield 
per  Acre    , 

1 

Date 
Harvested 

Yield 
per  Acre 

isow      

July  14 
July  30 

ihs.        1 
8156 

1       Sent.  8 

i6i. 
3356 
ISiS 

I6s. 
5512 

iKill^ 

\Ky.\          :       Sept.  12 

31S^ 

Avenure  vicid  for  two  vcars  . 

2504           

1845 

4350 

1 

Acre  plat  2  was  planted  in  the  spring  of  1897  at  rate  of 
16  pounds  seed  per  acre,  with  a  nurse  crop  of  oats.  On  May 
11,  1898,  the  entire  plat  was  resown.  From  one-third  to 
one-half  the  entire  plat  has  become  unproductive  through 
the  killing  of  the  plants  by  alkali,  but  above  yields  are 
taken  for  the  area  of  the  land  sown.  For  irrigation  of  this 
plat  in  1899,  see  No.  9,  in  Table  XV,  Duty  of  Water,  on 
Page  80. 

Professor  81osson  has  kindly  analyzed  four  samples 
of  soil  taken  from  this  plat  to  show  the  strength  of  alkali 
which  has  killed  the  alfalfa  and  the  strength  of  salts  m 
the  part  of  the  plat  on  which  the  plants  are  still  in  a  thrifty 
condition. 

The  following  amount  of  salts  were  found  in  the  sam- 
ples taken: 


Al&lfa  Killed. 

Total  salts  in  first  six  inches  of  soil 

Total  salts  in  soil  from  six  inches  to  one  toot  deep  . 


Alfalfa  Thrifty: 
Total  salts  in  first  six  inches  of  soil ... 
Total  salts  in  soil  from  six  inches  to  one  foot  deep 


Percent  of 
Sodium  Chloride. 


0.029 


0.000 
0.003 
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The  Sodium  Chloride  is  reported  separately,  as  it  is 
moi^  injurious  than  the  sulphates,  which  prabably  make 
up  about  three-fourths  of  the  total  salts.*  The  result  prob- 
ably corresponds  closely  to  the  estimate  made  in  Bulletin 
No.  .39  of  this  station,**  in  which  we  expressed  the  belief 
that  alfalfa  would  grow  in  the  presenee  of  as  much  as  one 
per  cent  of  our  ordinary  white  alkali  (Sulphate  of  Soda  and 
Magnesia)  in  two  inches  of  surface  soil,  providing  the  water 
level  is  not  nearer  the  surface  than  two  or  three  feet.  We 
suspect  the  water  level  is  dangerously  near  the  surface  in 
the  above  plat  during  a  portion  of  the  irrigating  season, 
and  has  had  its  influence  in  destroying  the  plants  which 
have  died. 

It  is  very  doubtful  if  alfalfa  will  grow  on  any  land  up- 
on which  there  is  a  white  incrustation  of  salts  during  an? 
part  of  the  year,  unless  the  drainage  is  such  that'  the  salts 
may  be  washed  out  by  flooding  with  irrigation  water.  Soil 
which  becomes  incrusted  with  salts  is  too  strong  with  al 
kali  for  any  plants  except  the  most  resistent  si)eeies,  and 
our  exj>erien(e  indicates  that  it  should  never  be  selected 
for  the  production  of  an  alfalfa  meadow.  In  many  place* 
on  the  Laramie  Plains  there  are  soils  which  are  either  too 
wet  or  contain  too  much  alkali  foi-  alfalfa  and  it  is  hoj»ed 
calling  attention  to  the  matter  here  will  prevent  many 
farmers  from  the  loss  of  labor  and  seed  by  attempting  to 
^row  it  in  such  places. 


IRRIGATION  OF  ALFALFA. 

Although  alfalfa  is  so  hardy  and  will  live  through  lonj: 
periods  of  drouth  it  will  not  produce  hay  unless  irrigated- 
It  is  of  vital  importance  to  apply  water  at  the  right  time 
and  conduct  the  irrigation  in  the  right  way.     Flooding  as 

•For  composition  of  alkali  from  this  portion  of  our  farm  accordinit 
to  previous  analyses,   see  Bulletin    No.    29,    pagre  223. 
••Wyoming  Station   Bulletin  No.  39,  page  47. 
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the  native  meadows  are  tlooded  for  long  periods  of  time  is 

much  more  quickly  fatal  to  alfalfa  than  it  is  to  our  best 
native  grasses.  It  wiJl  not  do  to  turn  the  water  on  and 
look  at  it  once  a  week  to  see  that  it  is  still  running.  Alfalfa 
soon  dies  if  its  feet  are  kept  wet,  and  it  needs  long  breath- 
ing spells  and  warm  growing  weather.  Where  the  irrigat- 
ing water  is  cold  it  produces  a  chilling  effect,  and  the  ir- 
rigation should  be  done  quickly  and  the  water  turned  off 
as  soon  as  the  ground  has  become  thoroughly  wet.  The 
best  time  to  irrigate  alfalfa  is  immediately  after  the  hay 
has  been  removed.  Some  irrigate  just  before  the  hay  is 
cut,  but  our  observations  indicate  that  much  better  results 
are  obtained  by  irrigating  after  cutting.  If  the  weather 
is  very  dry,  light  irrigations  may  be  needed  between  the 
cuttings.  We  believe  in  irrigating  in  the  fall,  some  time 
after  the  last  cutting  has  been  made,  to  keep  the  soil  from 
becoming  too  dry  during  the  winter.  It  should  not  be  done 
so  late,  however,  that  the  ground  is  apt  to  freeze  hard  while 
very  wet,  as  this  seems  to  be  the  principal.  ci|,use  of  winter 
killing.  Too  much  water  is  fatal  either  in  the  summer  or 
winter.  On  the  Experiment  Farm  one  season  we  irrigated 
one-half  of  a  field  of  alfa^a  as  late  as  October,  leaving  the 
other  half  without  water.  The  part  irrigated  started  earli- 
er the  next  spring  and  up  to  the  time  of  the  first  cutting 
the  dividing  line  between  that  which  had  not  been  irrigat- 
ed and  that  which  was  watered  late  in  the  fall  was  dis 
tinctly  visible,  as  the  hay  grew  two  or  three  inches  higher 
on  the  fall  irrigated  portion. 

DUTY  OF  WATER  ON  ALFALFA.— By  duty  of  wa- 
ter we  mean  the  amount  which  is  used  on  the  land.  Alfal- 
fa 18  a  perennial  plant  which  occupies  the  land  all  the  time. 
Its  growing  season  is  long  and  that  it  requires  a  propor- 
tionally large  amount  of  water  would  be  expected.  Table 
XV  gives  the  results  of  fifteen  measurements  of  water  on 
-(6) 
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alfalfa  made  by  the  Experiment  Station.  All  these  nieas- 
urenK-nts  were  made  on  the  Experiment  Station  Farm  at 
Laramie,  except  No.  1,  which  was  made  at  Wheatland  in 
1893.  (For  record  of  the  cropping  on  this  plat,  see  Table  IX, 
Page  09.)  In  this  table  the  duty  is  expressed  in  the  num- 
ber of  cubic  feet  of  water  used  on  each  acre  of  land;  in  the 
depth  to  which  the  water  used  would  cover  the  land,  or  as 
the  records  are  reduced  to  the  acre  standard  this  depth  rep- 
resents the  nuniber  of  acre  feet  used  for  each  acre;*  in  the 
number  of  acres  which  one  cubic  foot  per  second  continuous 
flow  would  irrigate  if  us^ed  at  the  same  rate  as  on  these 
crops  and  allowed  to  run  four  months  or  123  days,  and  also 
if  allowed  to  run  onlv  95  days.  Ninetv-five  davs  very,  near- 
ly  represents  the  irrigating  season  for  alfalfa  at  Laramie, 
though  four  months  is  nearer  the  length  of  the  growing 
season. 

As  the  amount  of  rainfall  has  such  an  important  bear- 
ing on  the  amount  of  water  needed  in  irrigation,  we  have 
added  two  columns,  one  of  which  shows  the  depth  to  which 
the  water  used  in  irrigation  and  that  supplied  as  rain  dur- 
ing the  growing  months  of  May,  June,  July,  August  and 
September,  covered  the  land,  and  the  other  shows  the  to- 
tal amount  of  water  coming  to  the  land  during  the  entire 
year  by  both  irrigation  and  rainfall.  The  table  shows  that 
we  have  not  used  very  large  amounts  of  water  in  the  pro- 
duction of  alfalfa.  Our  measurements  of  water  used 
on  native  hay  show  that  only  about  one-half  as 
much  water  was  used  on  alfalfa  as  on  th(»  native 
hay,  and  undoubtedly  the  difference  between  the  two 
kinds  of  hay  will  be  found  to  be  as  great  as  this. 
An  average  of  the  fourteen  measurements  which  have 
been  made  at  Laramie  shows  the  deptt  of  water  ap- 
plied to  alfalfa  to  be  ^.22  feet.    An  average  of  six  meai^ure- 

•An  acre  foot  is  the  amount   required   to   cover   one   acre   one  foot 
deep,  or  43,560  cubic  feet. 
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nients  on  oats,  wheat  and  barley  made  before  1899  shows 
2.74  acre  feet  applied  to  each  acre  of  those  crops.  The  on- 
ly class  of  plants  on  .which  less  water  has  been  used  than 
on  the  alfalfa  have  beep  root  crops.  An  average  of  seven 
measurements  of  the  irrigation  water  used  on  potatoes, 
turnips,  and  sugar  beets  at  Laramie  before  1899  shows  the 
depth  applied  to  be  only  0.98  feet. 

The  following  table  gives  the  number  of  times  each 
field  of  alfalfa  was  irrigated,  the  date  of  each  irrigation 
aiMl  thf*  amount  of  water  applied  each  time  in  cubic  feet 
IK^r  aci'f^,  and  the  d<^pth  to  which  it  would  cover  the  land. 
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ENEMIES  OF  ALFALFA. 

As  yet  few  insect  pests  of  alfalfa  have  been  observed 
in  the  state,  and  no  oases  of  rust  or  other  fungous  diseases 
have  come  to  notice.  At  Lander  one  crop  of  hay  was  de- 
stroyed by  the  I'tah  cricket  which  invaded  the  farm  in 
great  numbers  in  1894.  At  Wheatland  one  crop  was  de- 
stroyed by  caterpillars  which  the  Superintendent  reported 
as  army  worms.  The  caterpillar  of  a  small  yellow  butter- 
fly, closely  related  to  the  cabbage  worm,  has  also  been  re- 
ported on  the  alfalfa  at  Wheatland,  but  not  numerous 
enough  to  do  appreciable  damage.  By  far  the  most  serious 
enemy  of  alfalfa  in  this  state  is  dodder.  At  Sheridan  the 
alfalfa  makes  strong  enough  gix)wth  so  the  dodder  does  not 
kill  it,  but  the  hay  is  seriously  injured  by  it.  The  follow- 
ing report  on  dodder  made  by  the  writer  in  Bulletin  No. 
16  of  this  station  is  here  repeated  because  of  its  importance 
and  relation  to  the  subject. 

"DODDER. — Alfalfa  is  sometimes  affected  by  rust  and 
insect  pests,  but  as  yet  its  greatest  foe  in  this  state  is  dodder, 
(Cuscuta),  there  being  several  species  indigenous  to  this 
region.  Dodder  has  been  quite  destructive  on  the  Laramie, 
Saratoga  and  Sheridan  Experiment  Farms.  It  is  a  small 
annual  parasitic  plant  with  yellow  or  reddish-yellow  twin- 
ing stems,  which  wind  themselves  around  the  stems  of  al- 
falfa, clover  or  similar  plants,  near  the  ground,  taking  its 
nourishment  from  its  host.  It  has  small  colorless  scale- 
like leaves  and  produces  clusters  of  ten  or  more  flowers, 
each  of  which  contains  four  small  grayish  seeds  which  are 
about  half  the  size  of  alfalfa  seed.  These  fall  to  the  ground 
where  they  remain  until  the  next  season  when  they  germin- 
ate. The  young  dodder  plant  cannot  live  long  in  the  ground 
and  unless  it  flnds  a  host  plant,  soon  dies.  Where  it  is 
abundant  the  plants  upon  which  it  feeds  assume  an  un- 
healthy appearance  and  flnally  die. 
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*'Dod(lei'  can  be  killed  by  cutting  the  hay  before  the 
dodder  blossoms  and  burning  it,  or  by  plowing  the  crop 
under  and  cultivating  the  land  for  a  year  or  two  in  corn, 
potatoes  or  other  plants  which  have  stems  so  large  that 
dodder  does  not  live  upon  them.  Great  care  should  be 
taken  in  purchasing  alfalfa  seed  to  get  that  which  is  pore. 
If  our  farmei*s  would  raise  their  own  seed  it  could  be  kept 
free  from  dodder  and  other  weeds  and  would  also  have  the 
advantage  of  being  acclimated.'* 
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APPENDIX. 

OTHER  TRIALS  OF  ALFALFA  ON  THE  LARAMIE  PLAINS 

In  addition  to  the  experiments  on  the  Station  farm  we 
give  the  results  which  have  been  obtained  by  our  farmers  on 
the  Laramie  Plains  so  far  as  we  could  obtain,  information 
of  trials  that  have  been  made.  A  number  of  first  attempt:}  to 
grow  alfalfa  have  failed,  but  these  have  not  been  left  out  on 
that  account.  Negative  results  ^re  often  as  valuable,  as 
positive  ones.  In  experimental  work  the  lesson  taught  by 
a  failure  may  be  as  important  as  that  of  a  success.  If  the 
reason  for  the  failui'e  can  be  pointed  out,  more  may  be 
learned  from  a  knowledge  of  it  than  will  be  learned  if  the 
results  we  strive  to  obtain  are  reached  without  difficulty. 
In  the  light  of  nine  years  investigation  by  the  Station,  we 
think  the  results  obtained  on  our  farms  are  encouraging. 
Heretofore  writers  on  alfalfa  have  placed  its  altitude  lim- 
it at  seven  thousand  feet,  but  enough  has  been  done  by  our 
farmers  to  demonstrate  that  it  will  succeed  above  that  al- 
titude if  the  conditions  of  soil  and  water  are  favorable. 
Alfalfa  has  succeeded  so  universallv  at  low  altitudes  in  the 
arid  region  that  there  is  no  necessity  of  our  giving  accounts 
of  it  there.  It  succeeds  under  such  wide  range  of  treat- 
ment, below  six  thousand  feet  above  the  sea,  that  there  is 
no  longer  any  question  of  its  value  as  a  fodder  plant.  We 
have  an  account  of  alfalfa  having  been  planted  on  the  Lar- 
amie Plains  nearly  twenty  years  ago.  Mr.  Ryan  has  told 
nie  that  about  twenty  years  ago  Mr.  McCarthy  planted  a 
small  field  of  alfalfa  on  the  red  land  just  north  of  Laramie 
and  that  it  produced  two  good  crops  of  hay  the  second 
year.  It  was  afterwards  neglected  and  destroyed  by  stock, 
drouth,  and  i>erhaps  the  rise  of  alkali  from  the  land  becom- 
ing wet  through  water  supplied  by  an  artesian  well.    We 
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have  learned  that  some  plants  of  alfalfa  are  still  showing 
on  the  old  Jones  and  Norton  ranch,  where  it  was  planted 
seven  or  eight  years  ago  and  left  on  the  open  plains  where 
stock  have  pastured  over  it  continously.  We  have  already 
told  of  the  failure  with  alfalfa  by  a  ranchman  who  spent 
large  sums  in  trying  to  grow  it  about  ten  years  ago.  We 
have  also  been  told  that  Mr.  J.  W.  OoJlins  tried  it  with  lit- 
tle or  no  success.  Mr.  Oliver  Mansfield  has  tried  alfalfa  sever- 
al seasons  on  his  ranch  located  about  twenty  miles  west  of 
Laramie  on  the  Big  Laramie  River,  but  has  not  obtained  a 
hay  crop.  It  is  planted  op  the  river  bottom  on  sandy  land, 
which  is  located  about  one-half  mile  from  the  river  and 
it  is  stated  that  ground  water  does  not  come  near  the  sur- 
face. However,  the  plants  have  turned  yellow  and  been 
winter  killed  except  on  a  small  spot  of  clay  ground  where 
they  have  succeeded  better.  Mr.  Mansfield  is  not  satisfied 
that  alfalfa  will  not  succeed  and  is  planning  to  give  it  fur- 
ther trial. 

Mr.  S.  A.  Crawford  sowed  one  hundred  pounds  of  al- 
falfa seed  two  years  ago  and  fifty  pounds  last  year.  He  se 
cured  a  good  stand  but  the  plants  did  not  make  large 
growth.  Stock  have  been  allowed  to  pasture  the  young  al- 
falfa. He  has  confidence  it  will  succeed  and  will  put  in  an 
additional  amount  this  spring. 

Mr.  O.  H.  Jones  has  given  an  account  of  some  alfalfa 
planted  a  few  years  a^o  on  his  ranch.  It  was  sown  in  the 
pasture  where  stock  have  had  access  to  it  since,  and  where 
no  attention  has  been  given  to  its  irrigation  and  care.  The 
stand  was  somewhat  scattering,  but  plants  have  made  thrif- 
ty growth.  Mr.  Jones  states  that  he  believes  alfalfa  would 
be  a  valuable  hay  crop  for  the  plains  where  property  plant- 
ed and  cared  for. 

Mr.  Trabing,  who  is  a  pioneer  in  agricultural  investi- 
gations on  the  Laramie  Plains,  has  grown  aJfalfa  for  about 
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six  years  on  his  farm  at  Laramie.  •  He  states  that  two  good 
crops  have  been  harvested  every  year  and  that  much  more 
hay  is  secured  than  native  grass  will  produce.  He  says  that 
the  troublesome  foxtail  all  disappears  where  alfalfa  is 
growing.  The  alfalfa  will  freeze  out  where  the  ground 
freezes  hard  when  it  is  very  wet,  but  where  kept  dry  in  the 
winter  no  diffl-culty  of  the  kind  has  been  experienced.  Mr. 
Trabing  has  demonstrated  the  success  of  alfalfa  and  will 
plant  a  .larger  area  to  it  the  coming  season. 

Mr.  M.  A.  Crout  is  very  enthusiastic  over  the  success 
of  alfalfa  on  the  Pryor  ranch,  located  sixteen  miles  west  of 
Laramie,  under  the  Pioneer  Canal.  About  six  acres  of  al- 
falfa were  drilled  in  by  Mr.  Pryor  in  the  spring  of  1898. 
Mr.  Crout,  who  now  occupies  the  ranch,  says  he  cut  the 
alfalfa  twice  last  season  and  although  it  was  not  irrigated 
for  the  second  crop  a  good  quantity  of  hay  was  obtained. 
The  yield  would  have  been  greatly  increased  if  it  had  been 
irrigated,  but  Mr.  Crout  thinks  he  makes  a  conservative 
estimate  when  he  says  that  he  obtained  as  much  hay  as 
could  be  produced  on  four  times  the  amount  of  land  in  na- 
tive grass.  He  has  fed  the  hay  to  his  cattle  during  the 
winter  and  they  have  fattened  on  it.  He  says  further  that 
it  is  the  best  hay  for  all  purposes  he  has  ever  used.  Fed 
to  horses  it  gave  the  most  satisfactory  results  and  "if  a 
horse  is  poor  and  hidebound  he  can  be  put  into  good  con- 
dition in  a  short  time  by  feeding  alfalfa."  The  hay  was 
nicely  cured  and  has  produced  no  bloating  or  other  trouble. 

The  following  letter  from  Mr.  Webber  shows  his  faith 
in  alfalfa  as  a  hay  crop.  He  has  fed  the  hay  to  his  milch 
cows  with  the  best  results. 
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LETTER  FBOU  HB.  0.  W.  WEBBEB. 
Dear  Sir:    As  there  has  beeD  quite  a  difference  of  opin- 
ion in  regard  1o  the  success  of  gi-owing  alfalfa  in  Albany 
County,  I  will  give  my  experience. 

I  believe  that  with  proper  care  to  get  it  started,  alfalfa 
is  a  successful  crop  in  this  part  of  the  state.  In  1897  I 
sowed  one  acre  broadcast  after  drilling  oats  for  a  nurse 
crop  and  secured  a  very  good  stand.  In  1898  I  drilled  in 
four  acres  more,  using  about  25  pounds  of  seed  to  the  acre. 
This  seed  was  planted  without  a  nurse  crop.  It  was  wa- 
tered twice  before  cutting  and  turned  off  about  a  ton  of  ha.y 
to  the  acre.  The  firsl:  acre  which  was  sown  the  year  be- 
fore was  cut  twice  and  yielded  about  three  tons  in  1899,  I 
drilled  about  twelve  acres  more  to  alfalfa  last  season.  It 
was  drilled  as  nearly  as  possible  in  the  same  manner  aa  the 
above  four  acres.  This  piece  was  also  watered  twice  before 
cutting,  with  the  exception  of  about  two  acres  which  had 
water  once.  The  land  which  was  only  irrigated  once  was 
covered  with  a  good  stand  of  plants  but  the  ground  became 
so  baked  that  they  did  not  grow  very  high.  This  piece  of 
twelve  acr^  was  cut  once  and  yielded  about  three-fourths 
of  a  ton  per  acre.  The  four  acres  drilled  the  year  before 
was  cut  twice  and  yielded  three  tons  to  the  acre.  The  flrsr 
acre  that  was  sown  in  1897  winter  killed  during  the  hard 
winter  of  1898  and  1899,  but  clover  and  alfalfa  winter  killed 
all  over  the  East  and  in  Colorado,  so  the  difSculty  was  not 
peculiar  aloue  to  our  conditions  of  soil  or  climate.  This 
acre  was  replowed  and  alfalfa  again  drilled  in,  and  it  made 
a  vigorous  growth  last  season.  The  ground  waa  all  water- 
ed after  the  last  cutting  and  the  alfalfa  made  a  good  growth 
before  freezing.     I   would  advise  any  one  contemplating 
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sowing  alfalfa  ta  drill  it  in  lightly  on  a  compact  seed  bed 
on  ground  that  had  been  irrigated  one  or  more  seasons  be- 
fore,  and  I  have  no  d6ubt  of  their  siiccess. 

Yours  Truly, 

C.  W.  WEBBER. 

Mr.  Webber's  place  is  about  a  mile  west  of  Lara- 
mie, on  the  open  plains.  Some  of  the  land  on  which 
be  planted  alfalfa  had  been  manured  and  the  plants  made 
strong,  thrifty  growth.  Measui-ements  of  water  made  on 
his  place  last  year  showed  the  amount  of  water  used  to- 
irrigate  80  acres  to  be  153.8  acre  feet,  or  enough  to  cover 
the  land  1.92  feet  deep;  We  do  not  know  how  much  of  this 
was  used  on  alfalfa,  but  it  was  probably  only  a  proportion- 
al a;mount. 

Mr.  Thomas  Bird,  who  lives  in  the  Centennial  Valley, 
about  thirty-five  miles  west  of  Laramie,  has  written  the 
following  interesting  account  of  attempts  to  grow  alfalfa 
on  his  ranch: 

LETTER  F£OM  THOS.  BIBD,  CENTENNIAL,  WYOMING. 

Dear  Sir:  Some  three  years^  ago  I  sowed  alfalfa  on 
about  four  acres  of  ground  that  had  been  broken  two  years 
before.  The  soil  is  mostly  gravel,  but  portions  are  partial- 
ly clay  and  all  was  well  tilled.  The  alfalfa  came  up  the 
first  year  and  made  what  appeared  to  be  a  good  stand. 
The  growth  was  not  large  enough  to  cut  the  hay  the  first 
year.  The  second  year  the  plants  stooled  out  fairly  well 
and  we  cut  it  but  did  not  secure  what  I  would  call  a  good 
crop,  probably  one-half  ton  per  acre  and  only  one  cutting. 
The  third  year,  which  was  last  season,  nearly  all  the  plants 
had  been  killed  by  excessive  cold  winter  or  some  other 
cause,  so  it  will  be  plowed  up  the.  coming  spring  and  other 
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use  made  of  the  land.  This  piece  of  ground  is  300  feet  from 
the  river  at  the  farthest  point,  not  more  than  fire  feet 
higher  than  extreme  low  water  mark  and  two  a;id  one-half 
feet  higher  than  high  water  mark.  This  land  has  never 
been  irrigated  but  you  will  bear  in  mind  that  we  get  more 
rain  at  the  base  of  the  mountains  than  falls  in  Laramie. 

In  the  spring  of  1898  we  sowed  one  acre  of  poor  gravel- 
ly land  not  far  from  above  piece  to  alfalfa.  It  came  up 
much  as  did  the  first  sown,  but  did  not  get  Jarge  enough 
to  cut  the  first  year.  The  second  year  (last  season)  we  ir- 
rigated this  piece  and  out  the  hay.  We  did  not  get  a  large 
crop,  but  better  than  we  secured  the  second  year  from  the 
four  acre  piece  described  above.  As  it  stood  the  w^inter 
of  one  year  ago,  which  was  the  first  after  planting  the 
seed,  I  think  that  by  irrigating  it  as  we  should  it  will  prob- 
ably do  something. 

Some  eleven  years  ago  we  sowed  about  one-fourth  acre 
alfalfa  on  high  ground  which  is  probably  six  feet  above 
low  water  mark  in  the  river.  This  has  not  been  irrigated 
at  anv  time  but  there  are  ten  or  fifteen  stalks  which  are 
there  still.  These  have  made  fine  growth  and  blossomed 
each  season  since  the  second  year.  Digging  around  some 
of  these  roots  I  find  them  at  two  or  three  inches  from  the 
top  of  the  ground  to  be  from  one  to  one  and  three-fourths 
inches  in  diameter.  The  rest  of  the  plants  died  the  sec- 
ond or  third  year  after  being  sown. 

This  concludes  our  experience,  and  while  it  looks  dis- 
couraging our  opinion  is  that  had  we  irrigated  our  alfalfa 
as  it  should  have  been  the  results  would  have  been  differ- 
ent. With  proper  irrigation  I  think  that  at  least  one  good 
cutting  can  be  made.  We  think  the  seed  should  not  be 
spared  in  sowing,  and  when  we  plant  more,  as  is  our  inten- 
tion, 20  or  25  pounds  of  seed  per  acre  will  be  used.    I  have 
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written  at  some  length  in  order  to  explain  fully  what  we 
have  done,  as  you  requested.  I  hope  the  information  may 
be  of  value  and  that  it  will  not  deter  others  from  giving 
alfalfa  a  fair  trial.  We  are  fully  convinced  of  the  import- 
ance of  giving  proper  attention  to  the  irrigation  of  alfalfa, 
at  least  during  the  first  two  seasons  of  its  growth,  and 
with  this  attention  we  believe  it  can  be  made  at  least  a 
partial  success  even  at  this  high  altitude. 

Yours  very  truly, 

THOS.  BIRD. 

Mr.  Bird's  place  is  in  the  upper  part  of  the  Centen- 
nial Valley  at  an  altitude  of  about  8,000  feet.  Un- 
doubtedly much  more  rain  and  snow  falls  in  that  locality 
than  lower  down  on  the  open  plains.  In  my  opinion  those 
who  have  read  this  bulletin  will  find  a  study  *of  Mr.  Bird's 
letter  anything  but  discouraging,  as  he  indicates.  The  fact 
that  plants  have  lived  for  eleven  years  without  irrigation 
or  care  at  such  an  altitude  certainly  shows  their  hardiness. 
Alfalfa  can  not  be  expected  to  succeed  any  place  in  our 
state  without  irrigation.  With  proper  attention  it  will 
probably  succeed  well  enough  in  the  Centennial  Valley  to 
produce  as  much  or  more  hay  per  acre  than  will  native  hay. 
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SUMMARY. 

Alfalfa  sueceedB  iu  all  parts  of  WyoraiBg  under  SJXH) 
feet  altitude  whei-e  it  (*an  be  irrigated  and  makes  more 
fodder  to  the  acre  than  anv  other  hav  plant  vet  introduced. 

Under  proper  care  and  right  treatment,  raising  alfal- 
fa may  be  made  profitable  up  to  nearly  or  quite  8,(MiO  ft^t 
altitude.  It  does  not  require  special  culture  where  growD 
below  6,000  feet  altitude. 

Between  7,000  and  8,000  feet  above  the  sea,  alfalfa 
can  generally  be  cut  twice,  though  only  the  first  cutting 
may  produce  a  full  crop. .  Where  cut  twice  in  the  season 
the  yield  is  from  two  and  one-half  to  four  tons  per  acre. 
Below  5,000  feet  altitude  it  is  cut  three  and  four  times  each 
season  and  yields  from  four  to  ten  tons  of  cured  hay  per 
acre. 

« 

At  high  altitudes  alfalfa  requires  careful  treatment  to 
secure  a  good  stand  and  become  well  established.  Heavy 
seeding  and  planting  with  the  press  drill  are  recommend- 
ed. 

Two  seasons  are  required  to  put  the  alfalfa  into  good 
producing  condition  on  the  Laramie  Plains. 

Alfalfa  grows  better  and  produces  larger  crops  for 
two  or  three  years  after  planting  if  sown  alone  instead  of 
with  oats  or  other  nurse  crop.  This  may  be  due  to  secur- 
ing better  stand.  However,  it  may  be  planted  with  grain 
and  when  sown  with  nurse  crop  the  seeding  of  grain  should 
be  light,  and  early,  small  strawed  varieties  used. 

Turkestan  alfalfa  has  stood  the  winters  better  and 
produced  heavier  crops  than  the  common  form  at  Lara- 
mie. 

The  principal  cause  of  winter  killing  seems  to  be  the 
freezing  of  water  around  the  crowns  of  the  plants. 

Alfalfa  will  not  grow  on  wet  land  where  the  ground 
water  stands  as  near  the  surface  as  one  or  two  feet. 
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No  one  should  expect  to  obtain  good  hay  crops  of  al- 
falfa without  regularly  irrigating  it.  It  requires  occasion- 
al irrigations  through  the  growing  season,  and  fall  irriga- 
tion is  beneficial. 

The  average  amount  of  irrigation  water  which  has 
been  used  on  alfalfa  at  Laramie  would  cover  the  land  2.22 
feet  deep.  This  is  a  little  less  than  the  amount  used  to  ir- 
rigate grain  and  much  less  than  is  used  on  native  hay. 

Alfalfa  grows  better  where  there  is  some  alkali  salt 
in  the  soil  but  will  not  stand  more  than  one  per  cent  of  our 
common  white  alkali  in  the  first  six  inches  of  soil.  It  should 
not  be  planted  where  there  is  enough  alkali  to  form  white 
incrustations  on  the  surface  of  the  soil  during  any  pavt  of 

the  vear. 

ft 

The  principal  enemy  of  alfalfa  in  Wyoming  is  dodder, 
which  may  be  prevented  by  using  clean  seed. 

Alfalfa  is  not  only  a  valuable  hay  crop  but  improves 
the  land  by  taking  nitrogen  from  the  air  and  fixing  it  in  the 
soil.  It  is  considei'ed  the  greatest  boon  to  the  west  of  any 
plant  we  cultivate. 

(Note. — The  next  bulletin  of  the  Wyoming  Station 
(No.  44,)  will  deal  with  the  ]>ower  of  alfalfa  to  improve  th^ 
soil  for  the  raising  of  other  crops.) 
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B.    C.   BUFFUM. 


GENERAL  CONSIDERATIONS. 


How  to  make  the  soil  highly  productive  and  keep  it  so 
is  often  one  of  the  most  difficult  problems  the  farmer  has  to 
solve.  The  soil  is  a  wonderful  compound  and  studies  of  it 
have  resulted  in  some  of  the  greatest  discoveries  in  science. 
The  soil  upon  which  we  depend  for  so  many  of  the  blessings 
we  enjoy  is  not  merely  a  dead,  inert  mass  of  particles  of 
rocks  which  have  been  torn  to  pieces  by  the  weather,  but  is 
a  place  of  great  activity  and  continual  movement,  teeming 
in  its  dark  recesF<s  with  foru)s  of  life  which  are  so  small 
that  we  can  not  see  them  except  with  a  microscc^pe,  but  of 
such  importance  that  the  world  would  neither  be  clothed 
nor  fed  if  they  did  not  exist. 

The  higher  plants  upon  which  man  and  animals  are 
dependent,  either  directly  or  indirectly,  for  food  and  shel- 
ter can  only  grow  in  soils  which  are  in  favorable  condition 
of  tilth  and  moisture  and  then  only  when  supplied  with  the 
kind  of  food  they  require.  Out  of  the  fourteen  or  fifteen 
different  elements  which  plants  must  have  as  food,  only 
two  or  three  can  be  taken  from  the  air  by  them,  and  the 
rest  must  be  supplied  by  the  soil.  If  the  soil  does  not  con- 
tain these  elements  in  sufficient  amounts  and  in  such  com- 
bination or  soluble  condition  that  plants  can  absorb  and 
use  them,  it  will  not  produce  crops.  Fortunately  nearly  all 
the  foods  required  by  plants  are  so  abundant  that  the  farm- 
er needs  to  give  them  no  attention,  and  only  those  which 
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are  most  rare  or  which  are  apt  to  be  present  in  the  soil  iu 
euch  small  amounts  that  they  soon  become  exhausted,  be- 
come of  importance  to  him.  Bome  soils  may  be  deficient  in 
lime  (in  regions  where  there  is  no  lime  stone  or  where  the 
lime  is  so  combined  that- it  is  of  no  value  to  the  soil  or 
plant),  but  as  a  general  rule  the  only  elements  which  we 
need  to  supply  the  land  are  potash,  phosphoric  acid  and 
nitrogen.  Of  these  potash  and  phosphoric  acid  are  the 
most  abundant.  In  the  arid  regions  many  of  our  soils  con- 
tain so  much  potash  that  any  amount  of  cropping  will  not 
exhaust  it.  Our  common  river  sand  at  Laramie  contains 
over  3.5  percent  of  potash*  so  th^it  in  one  acre  of  it  one 
foot  deep  there  would  be  approximatelv  150,000  pounds  of 
potash,  more  than  enough  to  supply  large  crops  of  wheat 
for  a  thousand  years. 

The  fine  earth  on  the  Laramie  farm,  after  the  sand 
and  gravel  had  been  sifted  out,  contained  0.56  percent  cf 
potash**,  fully  enough  to  last  our  wheat  crops  two  hun- 
dred years  if  we  do  not  call  on  the  supply  from  deeper 
soil  or  the  coarser  particles,  which  are  iargely  pieces  of 
granite  rich  in  potash.  This  estimate  is  only  a  rough  one, 
but  it  serves  to  show  the  abundance  of  such  foods  in  our 
soils. 

Phosphoric  acid  is  not  so  abundant,  but  our  soils  con- 
tain a  sufficient  amount  as  a  rule.  It  is  true  that  these 
elements  are  often  abundant  in  the  soil  and  still  not  avail- 
able to  plants,  as  they  are  in  combination  and  insoluble. 
This  is  more  apt  to  be  the  case  if  the  soil  is  not  in  good 
tilth.  Since  the  time  of  Jethro  Tull,  nearly  200  years  ago, 
the  importance  of  tillage  has  been  known,  though  not  fully 
ai'i-reciated  by  many.  Tull  thought  tillage  the  only  thing 
necessary  to  make  and  keep  the  land  productive.     This  is 


•Analysis  made  by  A.  H.  Danlelso^n,  B.  S.,  March,  1900. 

••For  analyses  of  Wyomlrgr  soils,  see  Bulletin  No.  6,  Wyoming:  Ex- 
periment   Station,  by  Prof.  E.  E.  Slosson.    Pe^es   13    to  26. 
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probably  true  in  the  arid  region  so  far  as  potasli  is  oon- 
eerned,  but  tillage  does  not  add  new  food  to  the  soil  except 
a«  it  favors  tlie  multiplication  and  work  of  the  organisms 
in  the  soil  which  appropriate  nitrogen  from  the  air  and 
change  that  obtained  in  other  ways  into  forms  made  use 
of  b}'  plants.  Nitrogen  is  one  of  the  most  common  ele- 
ments, as  it  conqjoses  about  four-fifths  of  the  air,  but  as  a 
plant  food  it  is  not  abundant  and  is  the  most  expensive 
fertilizer  the  farmer  has  to  provide,  at  least  where  pur- 
chased in  commercial  form.  Plants*  can  make  use  of  ni- 
trogen only  when  it  is  in  the  form  of  nitric  acid  or  per- 
haps ammonia. 

The  larger  part  of  the  nitrogen  in  the  soil  is  the  re- 
sult of  decaying  vegetable  matter  which  produces  humus. 
Because  of  the  small  amount  of  vegetation  on  our  arid 
soils  they  are  usually  poor  in  humus  and  nitrogen.  If 
they  are  in  good  tilth  and  yet  become  unproductive  it  is 
generally  because  the  nitrogen  has  become  exhausted.  It 
may  be  added  to  the  soil  by  applying  commercial  fertiliz- 
ers which  contain  it,  as  nitrates,  raw  bone  meal  or  other 

a 

organic  comj>ound  or  with  barnyai*d  manure  which  con- 
tains large  amounts  of  vegetable  matter,  ammonia  and 
other  forms  of  nitrogen.  Among  all  fertilizers,  the  first 
of  importance  is  nitrogen,  and  the  fertilizer  which  contains 
the  mosi  of  it  in  the  form  needed  by  plants  is  the  most  val- 
uable. Sir  Willinm  Crooks,  one  of  the  world's  foremost 
scientists,  has  pn^dicted  that  wide-spread  famine  will  final- 
ly result  from  the  failure  of  the  wheat  crops  of  the  world 
because  the  nitrogen  of  the  s^il  is  b^ing  exhausted  and 
th-ere  is  such  general  waste  of  this  element  instead  of  re- 
turning it  to  the  land. 


•Plants  as  here  spoken  of  refers  only  to  the  higher  plants,  those 
which  produce  flowers  and  seeds.  The  minute  organisms  In  the  soil 
known  as  bacteria  or  ferments,  which  change  other  forms  of  nitrogen 
Into  nitric  acid,  are  also  classed  as  plants,  *  but  In  popular  usage  the 
word  plants  does  not  Include  them. 
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BELA.TION  or    ALFALFA   TO  THE  HITBOOEH  PROBLEM 

There  is  another  way  of  aoppljiog  the  soil  with  nitro- 
geu.  viz.  r  by  growing  plants  which  have  the  power  to  take 
up  fi-ee  (itmoapherie  nitrogen  and  fix  it  in  the  soil.  One  of 
the  most  remarkable  diBcoveries  in  science  was  the  fact 
that  certain  plants  can  do  this  and  the  way  in  which  the 
nitrogen  from  the  air  becomes  fixed  through  the  agency 
of  i'ertain  minute  organisms  (bacteria)  which  take  nitro- 
gen gas  from  the  air  that  passes  into  the  soil  and  so 
change  it  that  it  becomes  food  for  plants.  These  bacteria 
work  in  connection  with  plants*  belonging  to  the  pea  fam- 
ily, pease,  beans,  clover  and  other  legumes,  by  prodncing 
little  hunches  or  nodules  on  the  roots  in  which  they  live. 

There  is  a  different  organism  for  each  kind  of  plant. 
They  are  spread  through  the  soil  and  take  up  their  abode 
on  the  roots  of  the  plant  to  which  they  are  related  when 
it  is  grown,  and  the  plants  do  not  grow  well  if  the  organ- 
isms are  absent.** 

Alfalfa  is  hardy  enough  to  stand  our  climate,  easy  to 
grow,  gives  as  large  or  larger  money  returns  from  the  land 
as  will  grain"*"  and  improves  the  soil  at  the  same  time  at  no 
expense  to  the  farmer. 

The  fixation  of  nitrogen  by  alfalfa  overcomes  the  prin- 
cipal difficulty  with  arid  soils  and  a  rotation  of  crops  in 
which  alfalfa  is  one,  practically  solves  the  fertilizer  prob- 
lem ove?'  a  large  part  of  the  west. 

•These  bacteria  are  low  forma  ot  i>laiitB.  When  dlfrpr«nt  plants 
nve  together  tor  the  mutual  benellt  of  l»th,  It  Is  technically  known  as 
"BymbloBls."    Therp  are  many  inBtances  of  symbiosis  In  the  plant  world. 

"The  minute  orsanlams  which  work  with  alfalfa  seem  to  l>e  abun- 
dant In  our  soils.  If  they  were  absent  the  plants  would  not  do  so  well 
If  they  did  not  entirely  refuse  to  grow.  If  alfalfa  does  not  thrive,  Inocu- 
latlns  the  soil  with  them  might  remedy  the  dltflcutty.  Such  Inoculation 
has  been  put  Into  practice  with  clover  and  the  Oermana  have  put  the 
bacterta  on  the  market  for  this  purpose  under  the  natne  of  "NttraglD  " 
It  Is  necessary  to  gel  the  right  kind  of  bacteria,  however,  and  I  do  not 
know-  that  the  one  for  alfalfa  has  ever  been  sold. 

•••For  Information  in  regard  tn  alfalfa  as  a  hay  crop  In  Wyoming. 
Sfe  Wyoming  Station  Bulletin  No.  43. 
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ALFALFA  IMPROVES  THE  PHT8I0AL  CONDITION  OF  SOILS 

Besides  Axing  nitrogen  in  the  soil  alfalfa  improves 
its  tilth  or  physical  condition.  The  plants  shade  the  land, 
prevent  the  rapid  loss  of  water  by  evaporation  and  the 
rise  of  alkali  salts  to  the  surface.  The  roots  have  an  im- 
portant mechanical  eflfect  also.  They  grow  to  large  size 
and  penetrate  to  unusual  depths  in  the  subsoil.  When  the 
land  is  plowed  to  destroy  the  alfalfa,  the  roots  decay,  pro- 
ducing humus  which  aids  in  loosening  the  soil,  holds  mois- 
ture and  helpe  other  plants  make  use  of  the  nitrogen 
which  has  accumulated.  It  is  not  necessary  to  plow  un- 
der a  crop  of  growing  plants  to  secure  the  improvement 
though  green  manunng  in  this  way  is  often  practiced  with 
good  results.  At  Wheatland  the  superintendent  of  the 
sub-station  farm,  Mr.  M.  R.  Johnston,  practiced  plowing 
under  the  last  crop  in  the  fall.  The  first  and  second  crops 
were  cut  for  hay  which  he  states  paid  for  the  expense  ot 
planting  and  use  of  the  land  and  made  the  fertilizer  cheap- 
er than  any  other  which  could  be  applied. 

Alfalfa  also  solves  the  weed  problA^n.  Where  land 
has  become  infested  with  weeds,  growing  alfalfa  two  tv 
more  vears  will  entirelv  clean  them  out  of  the  land.  Even 
foxtail*,  which  is  so  troublesome  in  parts  of  Wyoming, 
succumbs  to  alfalfa  treatment.  We  can  not  expect  to  de- 
stroy foxtail  everywhere  this  way,  as  it  grows  in  places 
not  suitable  for  alfalfa,  but  where  alfalfa  will  grow  and  is 
cut  two  or  more  times  in  a  season,  foxtail  or  any  other 
weed  which  may  be  present  soon  disappears. 

ROTATIONS  WITH  ALFALFA. 

Where  alfalfa  is  used  in  rotation  with  other 
crops,    the    texture   and    richness    of    the    soil     is    im- 

•The  grass  popularly  called  "foxtail"  In  the  west  Is  not  the  com- 
mon foxtail  of  the  East,  which  Is  a  valuable  grass.  The  grass  under 
this  name  with  us  Is  a  wild  barley  (Hordeum  Jubatum),  sometimes 
Icnown  as  Squirrel  Tail  Grass.  For  an  account  of  It  as  a  stock  pest  in 
Wyoming,   see  Wyoming  Station  Bulletin  No.  19,  by  Prof.  Aven  Nelson. 
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proved  and  the  land  is  kept  highly  productive,  pro- 
viding of  course  it  is  not'  poor  in  plant  foods  which  ai-e 
usually  abundant.  A  good  rotation  for  the  Laramie 
plains  would  be,  beginning  with  the  virgin  sod;  first  year 
oats,  second  year  potatoes  with  fertilizer,  (stable  manure) 
if  possible;  third  year  alfalfa  sown  on  the  potato  ground 
without  replowing,  having  it  smoothed  and  leveled.  The 
alfalfa  may  be  left  on  the  land  any  number  of  years.  Then. 
beginning  with  alfalfa,  which  is  to  be  plowed  for  other 
crops,  would  recommend,  first  year  wheat,  oats,,  barley  or 
potatoes.  If  crops  are  good  it  may  be  put  in  grain  two  or 
more  years.  The  first  year  there  may  be  alfalfa  growing 
with  the  grain,  as  the  plow  may  not  cut  off  all  the  roots, 
but  it  will  do  no  harm,  as  the  grain  roots  are  small  and 
feed  in  the  surface  soil  while  the  alfalfa  feeds  from  below. 
Follow  the  grain  with  potatoes  or  other  cultivated  crop 
and  then  alternate  grain  and  potatoes  for  a  few  years  or 
until  the  land  shows  signs  of  running  out,  when  it  should 
be  again  put  into  alfalfa.  If  land  is  scarce  it  may  be  sown 
with  a  light  seeding  of  oats  as  a  nurse  crop  but  for  our 

high  altitudes  we  have  found  it  better  to  plant  the  alfalfa 
alone. 

ALFALFA  AS  A  FEBTILIZEB  ON  THE  LABAMIE  PLAINS 

We  have  carried  out  an  experiment  at  the  station 
farm  to  show  the  value  of  alfalfa  as  a  fertilizer.*  While 
only  one  year's  crop  has  been  raised  since  plowing  up  the 
alfalfa,  the  results  are  well  worth  considering.  In  order 
that  an  understanding  of  the  full  effect  of  having  grown 
the  alfalfa  on  the  land  for  a  number  of  years  may  be  had. 
we  give  a  full  historical  report  of  the  /icre  plat  on  one  half 
of  which  alfalfa  was  grown  and  plowed  under  for  the  pro- 
fit Is  a  pleasure  to  acknowledge  the  efficient  help  Mr.  W.  H.  Pnlr- 
neld  has  rendered  in  the  work  of  the  department.  He  carefully  manaired 
this  experiment,  and  his  field  notes  and  records  make  the  results  accu- 
rate and  valuable.    Mr.  A.  H.  Danlelson  has  also  grlven  efficient  aid. 
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dui'tion  of  other  crops  and  on  the  other  half  has  been 
grown  crops  other  than  alfalfa  in  rotation  for  the  same 
length  of  time. 

HISTORY  OF  ACRE  PLAT  8. 

1801.— In  May  the  virgin  soil  was  broken  to  a  depth 
of  five  inches,  and  was  planted  on  June  3  to  strips  of  In- 
dian Millet,  iierman  Millet,  Jerusalem  Corn,  Kaffir  Corn. 
Hemp,  Sorghum,  Sunflowers,  Castor  Beans  and  Corn. 
These  crops  did  not  mature  and  no  record  is  at  hand,  to 
show  that  they  were  harvested. 

1892. — The  whole  plat  was  plowed  to  a  depth  of  eight 
inches  in  May  or  latter  part  of  April,  divided  into  fourths 
and  planted  June  2d  to  pease  and  beans  with  press  drill 
and  the  land  rolled  after  planting.  Scotchman  Pease  and 
Boston  Small  Pea  Beans  were  frosted  before  ripe  and  not 
harvested.  Canadian  Field  and  White  Canada  Pea«e 
ripened  partial  crops.  They  were  harvested  September  1 
to  5  and  yielded  5  to  7  bushels  pease  per  acre.  They  were 
frosted  August  29th. 

1893. — On  April  17th  the  whole  plat  was  plowed  ten 
inches  deep,  harrowed  twice  April  21  and  rolled.  May 
1  the  north  half  of  the  plat  was  sown  with  alfalfa,  broad- 
cast, at  the  rate  of  20  pounds  seed  per  acre.  The  south 
half  of  plat  was  planted  to  two  kinds  of  rutabagas. 

NORTH  HALF.  SOUTH  HALF. 

Alfalfa. — ^A  good  stand  was  not  Rutabagas  were  all  destroyed 

secured,    "^as  not  harvested  this  by  flea  beetles,  so  no  croQ.  was 

year.  produced. 

1894. — In  winter  of  1893-4  twelve  loads  stable  manure 
were  distributed  as  nearly  even  as  possible  over  the  plat. 
The  whole  acre  was  again  plowed  eight  inches  deep  and  har- 
rowed twice. 
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NORTH  HALF. 
April  27,  reBown  with  alfalfa 
at  rate  of  89  pounds  of  seed  per 
acre.  Good  stand  and  made  ex- 
cellent growth.  A  few  bunches 
of  previous  years  planting  which 
were  not  cut  off  by  plow  grow- 
ing. Harvested  Aug.  18.  Yield, 
1967  lbs.  cured  hay  per  acre. 


SOUTH  HALF. 
Two  rows  of  broom  com  30 
Inches  apart  planted  along  one 
side.  Season  too  short  for  it  to 
mature.  The  remainder  of  the 
half  acre  was  planted  to  varie- 
ties of  potatoes  on  May  9,  at  rate 
of  1,000  pounds  seed  per  acre. 
Harvested  Oct.  1  to  4.  Average 
3rleld  of  60  varieties  per  acre, 
9,900  pounds  marketable  pota- 
toes. Average  percent  of  tubers 
large  enough  for  market,  87,  or 
total  yield  includlil)g  small  po- 
tatoes, 11,300  pounds  per  acre. 


1895. 

•      NORTH   HALF. 

Alfalfa  was  cut  twice. 

First  crop  harvested  Aug.  6. 
Yield,  5,019  pounds  per  acre. 

Second  crop  harvested  Sept. 
24.    Yield,  2,667  pounds  per  acre. 

Total  yield  for  season,  7,576 
pounds  cured  hay  per  acre. 


SOUTH  HALF. 

Plowed  eight  inches  deep  on 
April  8.  Sown  to  varieties  of 
wheat,  barley  and  oats-  In  rows 
16  inches  apart  with  the  excep- 
tion of  New  Black  barley,  a 
small  strip  of  which  was  sows 
with  press  drill  ei^ht  inches 
apart.  There  was  about  the 
same  area  each  of  oats  and  bar- 
ley, which  occupied  about  one- 
fourth  acre,  and  the  wheat  cov- 
ered one-fourth  acre. 

Average  yield  per  acre  of  seven 
varieties  of  barley,  straw  and 
grain..  3,636  pounds.  Grain,  1^71 
pounds. 

Average  yield  per  acre  of  sii 
varieties  of  oats,  ^traw  and 
grain,  4,024  pounds.  Grain,  970 
pounds. 

Average  yield  per  acre  of  15 
varieties  of  wheat,  straw  and 
grain,  6,026  pounds.  Grain,  U6S 
pounds. 


Alfalfa  as  a  Fertilizer. 


101 


1896.— 


NORTH   HALF. 

Alfalfa  was  cut  twice. 

First  crop  harvested  July  7. 
Yield  cured  hay  per  acre,  1,641 
pounds. 

Second  crop  was  harvested 
September  8.  Yield  cured  hay 
per  acre,  3,040  pounds. 

Total  yield  per  acre  for  sea- 
son, 4,681  pounds. 

Hail  storm  injured  the  first 
crop,  which  accounts  for  small 
yield. 


SOUTH  HALF. 

April  22-23,  plowed  eight  inch- 
es deep.  Harrowed,  leveled  and 
sown  with  press  drill  to  varie- 
ties of  barley  at  the  rate  of  100 
pounds  seed  per  acre,  in  strips 
running  east  and  west.  Straw 
produced  was  short  and  yield 
small. 

Average  yield  per  acre  of  nine 
varieties  of  barley,  grain,  895.6 
pounds. 

September  3,  land  was  plowed 
about  eight  inches  deep. 


1897. 
NORTH   HALF. 
Alfalfa  was  cut  twice. 
First  crop  was  harvested  July 

16.  Yield  of  cured  hay  per  acre, 
3,860  pounds. 

Second  crop  was  'harvested 
September  9.  Yield  of  cured  hay 
per  acre,  3,860  pounds. 

Total  yield  for  season  per 
acre,  7,720  pounds. 

1898. 
NORTH   HALF. 
Alfalfa  was  cut  twice. 
First  crop  was  harvested  July 

17.  Yield  per  acre  of  cured  hay, 
4,759  pounds. 

Second  crop  was  harvested 
September  8.  Yield  per  acre  of 
cured  hay,  3,909  pounds. 

Total  yield  for  the  season,  per 
acre,  8,668  pounds. 


SOUTH  HALF. 

April  20,  leveled  and  drilled 
with  Linooln  oats  at  difTerent 
rates  of  seed  per  acre,  from  40  to 
120  pounds. 

Average  jrleld  of  gralTi  and 
straw  per  acre,  2,617  pounds. 
Grain,  1,076  pounds. 


SOUTH  HALF. 

April  16-19,  plowed  eight  inch- 
es deep  and  leveled.  April  29, 
planted  to  spring  rye  at  the  rate 
of  114  pounds  of  seed  per  acre. 
Harvested  Augrust  13. 

Yield  per  acre,  straw  and 
grain,  1,580  pounds.  Grain,  556 
pounds. 


On  September  22  and  23  the  whole  plat  was  plowed 
to  a  depth  of  about  8  inches.    It  was  not  very  well  done  on 
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the  north  side,  a«  the  plow  used  was  not  suited  to  the  pur- 
pose and  all  the  alfalfa  roots  were  not  cut  off. 

Since  cropping  was  begun  on  the  two  parts  of  the  ular 
separately  in  1894  the  following  crops  have  been  pn^duc- 
ed  on  each  half  of  the  plat.  The  yield«  here  are  for  each 
half  acre  instead  of  yields  per  acre  as  reported  above: 

NORTH  HALF— ALFALFA.  SOUTH  HALF— OTHER  CROPS 

One-half  Acre.  One-half  Acre. 

Pounds.  Pounds. 

1894 984      1894— Potatoes 5650 

1895 3788      1895— Grain  and  straw 2264 

1896 2841  Of  which  amount   the 

1897 3860  grain  Is 685 

1898 4334      1896— Gram  and  straw •1280 

■  Grain  alone 448 

Total 15,307      1897— Grain  and  straw 13W 

Grain  alone 538 

1898— Grain  and  straw 790 

Grain  alone 27S 


Total  potatoes 5650 

Total  straw  and  g^rain 5643 

Total  grain 194S 

*£8timating  that  grain  is  0.35  percent  of  grain  and  straw  tofireth*-r 

A  rough  estimate  of  the  value  of  the  crop  from  t-neh 
half  acre  for  the  above  five  years  nt  local  prices  would  be 
ai>}:roximately  for  north  half,  alfalfa,  $00*  Potatoes  and 
grain  from  the  south  half,  |()9.  The  total  expense  of  har- 
vesting the  alfalfa  should  not  exceed  flO.OO,  estimating 
from  what  the  actual  cost  per  ton  would  be  on  large  arnas. 
The  south  half  should  have  expense  of  preparing  the  land 
for  crop  each  season  deducted  as  well  as  value  of  seed,  har- 
vesting and  sacking  the  potatoes  and  threshing  the  grain. 

•This  estimate  is  conservative,  as  It  Is  baaed  on  a  value  of  5>.'i  p?r 
ton  In  the  local  market.  The  scarcity  of  alfalfa  hay  makes  it  of  greater 
value  than  native  hay,  and  the  price  of  native  hay  has  rarely  be«i 
lower  than  18.00  per  ton,  while  a  part  of  the  time  it  has  brougrlft  twice 
this  amount.  All  the  alfalfa  could  undoubtedly  have  been  9i>ld  for  $lfl 
to  116  per  ton,  and  certainly  would  have  brougrht  enough  more  than  l^.«>» 
to  pay  all  expense  of  marketing  it. 
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A  r*ough  estimate  of  this  expense  on  the  south  half  of  the 
plat  would  place  it  at  about  f25.  This  would  make  the  net 
value  of  the  alfalfa  from  one-half  acre  f50,  and  of  grain 
and  jwtatoes  from  one-half  acre  for  the  same  time  |44. 
Comparing  the  crops  produced  each  year,  the  production 
increased  from  the  alfalfa  land,  while  It  decreased  to  such 
an  extent  from  the  plowed  ground  that  the  last  crop  of  rye 
gave  barely  ten  bushels  of  grain  per  acre,  though  last  sea- 
son it  produced  much  better  yields  of  wheat  and  oats. 

This  brings  the  history  of  acre  plat  eight  down  to  the 
spring  of  1899  and  the  following  report  shows  the  value 
of  having  grown  alfalfa  on  the  land  for  other  crops.  The 
alfalfa  stubble  was  plowed  under  in  the  fall  after  the  sec* 
ond  hay  crop  of  1898  had  been  removed. 

YIELDS  OF  WHEAT,  OATS  AND  POTATOES  ON  ALFALFA 

LAND. 

April  25,  1899,  acre  plat  8,  all  of  which  had  been  plow- 
ed the  previous  fall,  was  harrowed  twice  and  leveled  or 
planked  twice.  The  east  one-third  of  the  plat  was  planted 
to  wheat  by  drilling  north  and  south,  so  one-half  would  be 
on  the  alfalfa  land  and  the  other  half  on  that  part  of  the 
plat  which  had  been  growing  other  crops.  In  like  manner 
oats  and  potatoes  were  planted  on  the  other  two-thirds  of 
the  plat.  In  planting  the  potatoes  the  west  third  of  the 
I)lat  was  again  plowed,  dropping  the  seed  in  every  third 
furrow.  The  comparative  lengths  of  straw  and  heads  of 
the  oats  and  barley  are  well  shown  in  pur  illustration  made 
from  a  photogra|:h  of  as  nearly  avei  age  plants  as  could  be  se- 
lected from  each  portion  of  the  plat.  The  appearance  of 
the  oats  at  each  end  of  the  plat  is  shown  in  the  illustration 
used  as  frontispiece.  The  divisions  were  not  made  equal, 
aud  the  area  of  each  crop  varied  somewhat,  so  the  results 
are  all  reported  on  the  acre  basis.    What  the  lasting  effect 
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in  on   the  soil   will   ooly   be   kaowD   after  other  seasons* 
orojw  have  been  Htndied. 

WHEAT— The  increase  in  yield  on  alfalfa  laud  is 
ftltown  in  TabJe  1.  Over  BO  percent  larger  yield  wae  ob- 
tained on  the  northwde  of  the  plat  where  alfalfa  had  been 
grown  before,  and  the  grain  weighed  more  per  buifhel. 
However,  the  conditions  of  gi-owth  being  so  much  better, 
it  took  longer  to  mature  and  the  grain  was  not  fully  ripe 
when  it  was  lightly  frosted  on  August  24,  There  was  a. 
smaller  number  of  smutted  heads  also  in  the  grain  on  the 
alfalfa  end  of  the  field.  At  local  market  prices  an  increase 
of  seven  to  twelve  dollars'  worth  of  wheat  per  acre  was 
^  the  result  of  using  alfalfa  ground  on  which  to  plant  it. 
As  shown  above,  fertilizing  the  land  with  alfalfa  cost 
nothing,  as  the  value  of  the  hay  produced  was  equal  to  oth- 
er rrops  on  the  other  part  of  the  land. 

Table  I. —  H'keal.     ScoUk  of  Scotch.     Laramie,  i8g^. 


Pahi  o» 

.» 

Date 

Ripe 

Cnin 

1  £3 

Siraw 
Grmin 

Hill 

Souih(rDuiion).., 

0.17 

ApriL  27 
April  27 

Sep..  7 
Sep.   11 

/I. 
■i.IXt 
J.7S 

/t.    1 

0.25         17.« 
0.30    !     18,8 

SS9S 
511S 

|!<I3'      S. 

Gain  on  alfalb  land 

.7.1 

0,0s    ,      ...« 

K23 

7iB,      3 

OATS.— (Table  2.)  The  yield  of  grain  was  about  48 
percent  greater  on  the  alfalfa  land  than  on  the  land  which 
had  been  growing  potatoes  and  grain.  Nearly  78  bushels 
per  acre  was  produced  on  the  north  (alfalfa)  end  of  the 
plat  and  .f7  bushels  per  acre  on  the  other  land,  using  the 
weight  of  32  pounds  jier  bushel  for  the  computation.  The 
grain  stood  nearly  one  and  one-half  feet  higher  and  the 
heads  averaged  nearly  two  inches  longer,  hut  the  grain 
took  much  longer  to  ripen  on  the  alfalfa  land.     Unfortn- 
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Dately  the  comparative  weight  of  the  oats  for  the  two 
kinds  of  land  can  not  be  given,  as  one  of  the  records  was 
lost.  They  weighed  43  pounds  per  bushel  from  the  alfal- 
fa ground.  Plowing  under  alfalfa  stubble  increased  the 
value  of  the  crops  about  fl6  per  acre  at  the  market  price 
in  Laramie',  and  the  fertilizing  was  done  without  expense. 

Table  II. — Oais,     Highbred,     Laramie,  i8gg. 


i'AKT  OF  Plat 

Area 

Date 
Planted 

Date 
Ripe 

Height 

of 
Grain 

Length 
Heads 

Yield 

per  acre 

Straw 

and 
Grain 

Yield 
per 
acre 

Grain 

Weight 
per  bushel 

South  (rotation).  .   .   . 
North  (al&l&  land).... 

Acres 
.14 
.16 

April  27 
April  27 

Aug.  26 
Sept.  6 

2.8 
4.2 

0.50 
0.65 

lbs. 
2744 
7529 

4785 

lbs. 
1108 
2484 

lbs. 

•      •      • 

43 

Gain  on  alfalfa  land  .  . 

1.4 

0.15 

1291 

....  1  ...   . 

POTATOES. — The  potato  crop  of  last  season  was  a 
failure.  It  was  the  first  season  since  1893  that  potatoes 
have  not  produced  good  yields  on  the  Experiment  Farm. 
The  reason  seems  traceable  to  the  unusually  short  season 
with  cold  nights  and  generally  poor  growing  weather. 
However,  our  results  to  show  the  effect  of  plowing  under 
alfalfa  for  potatoes  are  comparable  and  show  the  etfect  on 
the  crop  as  well  as  would  be  the  case  if  the  yields  were 
large.  The  yield  of  marketable  potatoes  was  increased 
over  62  percent  on  the  alfalfa  land  and  the  potatoes  aver- 
age^d  larger  in  s^ize.  The  increased  cash  value  of  the  crop 
was  about  flfJ  per  acre  at  local  market  prices,  at  no  cost 
for  the  improvement  in  the  soil  which  caused  the  increase. 

Table  III. — Potatoes,     Early  Ohio,     Laramie,  i8gg. 


Part  of  Plat 

Area 

Date 
Planted 

Date 
Harvested 

Yield 

per  acre 

Markeuble 

Yield 

per  acre 

Small 

Total 

Yield 

per  acre 

Per  cent 
Marketable 

South  (rotation).  .   . 
North  (al&lfaland).. 

acres 

0.13 

0.16 

May  18.19 

\  Sept.  30  « 
i    Oct    7  f 

lbs. 
2616 
4210 

528 
663 

lbs. 
3144 

4882 

83.2 

86.4 

Oain  on  al&lfii  land  . 

1603 

135 

1738 

3.2 
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SUMMABT. 

The  most  important  fertilizer  for  the  arid  region  ii» 
nitrogen. 

^  Home  plants,  of  which  alfalfa  is  one,  have  the  power 
to  fix  in  the  soil  fn^e  nitrogen  of  the  air.  They  do  this  bv 
means  of  micro-organisms  which  form  bunches-  or  nodules 
on  the  roots. 

Therefore  growing  alfalfa  on  the  land  increases  the 
amount  of  nitrogen  in  the  soil  and  practically  solves  the 
fertilizer  problem  for  the  west. 

Alfalfa  also  improves  the  soil  tilth  by  shading  the 
ground  and  adding  humus  to  the  soil  by  the  decay  of  its 
large,  deep-growing  roots. 

Growing  alfalfa  destroys  weeds. 

The  value  of  alfalfa  harvested  from  one-half  acre  of 
land  for  live  years  at  Laramie  was  about  f50  more  than 
the  cost  of  producing  it. 

The  value  of  potatoes  and  grain  from  an  adjoinin*: 
half  acre  for  five  years  was  about  |44  more  than  the  cost 
of  producing  at  local  prices. 

When  the  alfalfa  land  was  j  lowed  and  planted  to 
wheat  it  jiroduccd  f8  to  |12  more  value  in  wheat  per  acre 
than  the  land  which  had  grown  |;o1atoes  and  grain  before. 

When  alfalfa  land  was  plowed  and  planted  to  oats  it 
l>roduced  fl6  worth  of  grain  more  than  land  which  had 
grown  ]K)tatm»H  and  grain  before. 

When  alfalfa  land  was  plowt^d  and  planted  to  pota- 
toes it  gave  fl6  worth  more  of  potatoes  per  acre  than  was* 
i)btained  from  land  which  had  grown  [K^tatoes  and  grain 
before. 

By  growing  alfalfa,  the  above  increase  of  yields  aoil 
values  were  ])rodU4'ed  with  absolutely  no  cost  for  ferti'iiins 
the  land. 
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A  PRELIMINARY  REPORT 


ON    THE   .    .    . 


ARTESIAN  BASINS  OF  WYOMING 


W.  C.  KNIGHT. 

Introduction. 


The  object  of  this  bulletin  is  to  place  before  the  citizens 
of  Wyoming  a  preliminary  treatise  on  the  artesian  basins  of 
this  state  and  show  how  this  information  is  available  for  the 
agriculturist,  stockmen  and  communities  in  general.  In  order 
to  do  this  it  has  been  found  necessary  to  introduce  in  a  •very 
brief  manner  a  resume  of  Wyoming  geology.  This  is  of  neces- 
sity technical,  since  there  are  no  common  names  to  be  substi- 
tuted for  scientific  ones.  I  realize  fully  how  difficult  it  is 
to  popularize  a  subject  of  this  kind  and  at  the  same  time  make 
it  comprehensive  without  writing  page  upon  page  of  explana- 
tion that  would  increase  the  bulletin  beyond  a  reasonable  limit. 
If  I  can  present  the  scientific  information  in  such  a  manner 
that  the  citizens  of  this  state  can  understand  the  essential  fea- 
tures of  our  artesian  basins  and  be  able  to  locate  artesian 
wells.  T  W'ill  feel  that  I  have  fully  accomplished  my  pur])ose. 

Without  a  scientific  treatise  relating  to  the  artesian  basins 
there  would  be  no  means  of  discussing  the  basins,  locating 
them,  or  referring  to  the  water-bearing  zones.  Scientific 
terms  in  connection  with  the  geology  will,  as  a  rule,  be  de- 
fined, so  that  those  who  are  unfamiliar  with  the  history  of  our 
earth  can  read  intelligently.     To  aid  the  explanations  many 
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illustrations  are  used  and  an  accompanying  map  will  aid  ma- 
terially in  showing  the  distribution  of  the  many  formations. 

The  question  of  securing  good  artesian  water  in  any  part 
of  Wyoming  is  a  very  important  one.  Already,  nearly  all  of 
the  available  water  from  our  streams  has  been  appropriated, 
and  the  springs  and  tiny  brooks  are  being  fenced  up,  so  that 
in  a  few  more  years  not  many  natural  watering  places  will  re- 
main open  for  stock  of  any  kind.  Unless  wells  are  drflled 
large  tracts  of  land  in  our  state,  such  as  the  Red  desert,  the 
desert  north  of  the  Rattlesnake  mountains  and  countrv  north 
of  Casper  will  remain  as  they  are  today — winter  sheep  ranges 
— winter  ranges  because  the  flockmaster  depends  on  snow  to 
water  his  herd.  If  wells  are  to  be  drilled  the  artesian  well  is 
the  most  desirable.  Unless  the  supply  of  water  can  be  greatly 
increased  large  tracts  of  valuable  land  must  remain  as  grazing 
land  only — of  little  value  to  the  owner  since  it  produces  so  lit- 
tle, and  an  obstacle  to  the  slate  because  it  cannot  be  taxed  for 
hay  or  agricultural  land  in  place  of  grazing.  The  Powder 
River  country,  which  is  as  a  rule  low  and  fertile  land,  has  not 
sufficient  water  to  irrigate  lo  per  cent  of  the  vast  area.  On 
the  south  side  of  the  Ferris  and  Seminoe  mountains  agricul- 
ture is  an  impossibility  under  existing  conditions,  since  there 
are  no  streams  of  any  consequence  along  these  ranges.  North 
of  the  Shirlev  mountains  conditions  are  similar,  as  thev  are  in 
numerous  other  places  in  the  state.  Imagine  what  would  hap- 
pen if  all  of  the  country  east  of  the  Laramie  mountains  could 
be  irrigated. 

How  far  artesian  wells  will  solve  any  of  these  problems 
remains  for  experiment  to  prove;  but  without  question  they 
will  be  found  beneficial  in  manv  instances,  and  when  a  svstem 
of  deep  well  drilling  has  been  inaugurated  the  water  supply 
will  be  sufficient  to  carry  on  irrigation  on  a  large  scale.  One 
has  to  go  only  to  Dakota  to  realize  the  possibilities  of  irriga- 
tion bv  means  of  artesian  water.    Artesian  basins  are  numcr- 
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ous  in  Wyoming  and  some  of  them  are  very  large  and  es- 
pecially well  located.    So  far  but  little  attention  has  been  given 
to  this  subject.     A  few  shallow  wells  have  been   drilled  in 
several  counties,  but  none  of  them  have  gone  to  a  sufficient 
depth  to  secure  a  large  flow.    Few,  if  any,  have  thus  far  con- 
templated sinking  deep  wells  with  a  view  of  obtaining  •  more 
than  a  slight  flow.    To  those  who  wish  to  increase  their  pres- 
ent water  supply  I  refer  to  the  artesian  wells  of  Dakota,  where 
in  a  few  instances  water  has  poured  forth  under  a  pressure  of 
150  pounds  per  square  inch  and  has  been  used  as  a  water 
power  as  well  as  to  irrigate  with.    The  Dakota  artesian  basin 
depends  largely  upon  the  Black  Hills  for  its  water  supply; 
possibly  this  may  be  augmented  by  the  waters  from  the  Big 
Horn  mountains,  but  this  is  not  probable.    Judging  from  the 
source  of  the  water  in  many  of  the  Wyoming  basins,  the  ar- 
tesian  wells  in  this  state   should  equal  any  that  have  been 
drilled  in  South  Dakota.     The  high  mountains,  clothed  with 
pine  and  spruce  forests,  and  the  peaks  of  perpetual  snow,  fur- 
nish day  by  day  a  constant  water  supply  which  sinks  down 
between  the  strata  and  may  be  tapped  with  a  drill  a  thousand 
or  more  feet  lower  than  the  source. 

The  data  employed  in  this  bulletin  have  been  collected 

by  me  during  the  last  four  summers.     Occasional  reference? 

arc  made  to  some  of  the  early  reconnaisance  surveys:   but  all 

of    the  structural   features  have  been  workd  out  from  field 

notes.    The  geological  map  embodies  all  that  is  known  of  the 

g-eology  of  Wyoming  up  to  date.     All  of  the  early  maps  have 

been   examined  and  their  data  used  so  far  as  it  harmonizes 

with  recent  investigations.     This  map  can  only  be  considered 

reconnaisance  work ;  hence  an  allowance  will  have  to  be  made 

for  variations  in  boundaries  between  eras  and  in  a  few  places 

for    structure.      For  example,   the  countiy    east   of   Laramie 

peak  and  at  the  head  of  the  Wind  river  are  not  well  known 

and  more  than  likely  the  geology  of  all  of  Uinta  county  north 
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<'i  the  Oregon  Short  Line  railroad  needs  careful  revision. 
Tliei  c  are  numerous  small  areas  all  along  the  east  side  of  the 
Laramie  mountains  that  have  not  been  examined.  There  are 
ill  fact  numerous  places  all  over  the  state  where  greater  detail 
can  only  Ik  worked  out  by  careful  examination.  The  map  has 
I'cen  constructed  to  illustrate  the  distribution  of  the  various 
formations  in  the  state  and  to  act  as  a  key  to  structural  ge- 
ology. For  these  purposes  it  will  be  found  very  reliable,  and 
those  interested  in  securing  artesian  wells  will  find  it  a  valu- 
able aid.  No  attempt  has  l:)een  made  to  show  the  topographical 
features,  since  only  a  very  small  |X)rtion  of  the  state  has  been 
surveyed.  Accompanying  the  bulletin  there  are  nmerous 
^eoldgical  sections  which  will  be  found  to  be  indispensable  in 
considering  the  structure  of  the  various  artesian  basins. 

Judging  from  what  has  been  done  in  the  past,  it  will  be 
many  years  l>efore  the  citizens  of  this  state  will  attempt  to 
increase  the  water  supply  by  means  of  artesian  wells  and  it 
may  be  possible  that  the  state  may  have  to  lend  aid  to  this  ver}' 
commendable  enterprise.  It  will  be  well  for  our  next  legisla- 
ture to  consider  the  advisability  of  drilling  test  wells  in  the 
artesian  basins  where  water  is  most  needed,  and  in  this  vi-ay 
encourage  ranchmen  to  drill  for  themselves.  In  case  test  wells 
are  put  down  by  the  state,  the  location  shoidd  be  carefully 
selected  and  only  deep  wells  drilled.  Otherwise  many  w-ould 
be  discouraged  on  account  of  slight  flows. 

I  take  this  opportunity  to  thank  the  United  States  Geolog- 
ical Survey  for  electrotypes  of  the  Fort  Benton  and  Niobrara 
fossils,  used  in  this  bulletin ;  also  to  thank  Prof.  Charles  Ful- 
ton for  assisting  me  in  drawing  the  map  and  sections,  and 
Mr.  Frank  Bond  for  producing  such  excellent  drawings  of 
f  »ssils,  which  add  so  much  to  the  bulletin. 


A  Geological  Sketch. 

In  the  following  pages  will  be  found  a  very  brief  descrip- 
tion of  the  geological  formations  known  in  Wyoming.  An  at- 
tempt has  been  made  to  describe  the  various  formations  so 
that  people  residing  in  any  part  of  the  state  can  work  out  for 
themselves  the  geology  of  their  region  and  conclude  whether 
or  not  they  wish  to  attempt  drilling  for  artesian  water.  Prior 
to  describing  the  formations  I  have  introduced  a  scheme  show- 
ing the  names  and  subdivisions  of  geological  time  as  applied 
to  Wyoming  geolog}*.  The  top  of  the  scale  represents  the  lat- 
est formation  and  the  bottom  the  oldest. 
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Before  taking  up  the  geological  discussion  it  must  be  un- 
derstood that  nearly  all  of  the  stratified  rocks  have  been  de- 
posited in  seas  or  fresh  water  lakes.  The  name  stratified  rocks 
includes  limestones,  sandstones,  shales,  slates,  conglomerates, 
as  well  as  most  of  the  clays  and  marls.  During  the  geological 
history  of  our  earth  all,  or  nearly  all,  of  the  land  has  been  cov- 
ered  with  water,  ^nd  usually  many  times.  If  there  were  no 
seas  or  lakes,  no  rocks  were  deposited,  and  the  formation  is 
absent.  One  can  form  a  better  idea  of  geological  time  if  he 
will  consider  that  there  have  been  constant  changes  in  both 
sea  bottom  and  land  surfaces.  The  period  in  which  a  sea 
bottom  was  gradually  settling  means  that  there  was  deposited 
a  very  thick  band  of  rocks.  If  the  sea  was  deep  and  water 
clear,  limestones  were  made.  If  clear,  limestones  were  also 
made  in  shallow  water.  Along  coast  lines,  where  sand  was 
produced,  sandstones  were  formed,  together  with  other  strata 
as  conglomerates  and  breccias.  In  gulfs  and  bays  where  there 
were  large  rivers  emptying,  fine  sediment  and  mud  accumu- 
lated, which  were  later  compressed  into  shale.  If  a  formation 
is  present  in  Wyoming,  it  means  that  a  Sea  or  lake  existed 
during  that  period ;  if  absent,  it  means  that  the  state,  or  that 
part  of  the  state  in  which  the  strata  are  absent,  was  dry  land. 
In  the  same  way  we  can  judge  of  the  duration  of  a  geological 
period  by  considering  the  thickness  of  the  rocks  deposited. 
For  example,  the  Paleozoic  rocks  in  Wyoming  are  not  to  ex- 
ceed 3,000  or  4,000  feet  thick,  while  in  Pennsylvania  they  are 
over  ten  times  that  thickness.  From  this  we  gather  that  Wyo- 
ming was  dry  land  for  the  greater  part  of  the  Paleozoic  era. 
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Azoic  Era. 


This  represents  geological  time  prior  to  the  appearance  of 
life  on  earth.  The  rocks  are  chiefly  granite,  and  none  of  the 
metamorphosed  sediments  are  included. 

THE  ARCHAEAN  PERIOQ. 

The  name  Archaean  applies  to  the  oldest  rocks  that  we 
know  anything  about  on  our  eartli.  Usually  they  are  granite, 
gneisses  and  schists,  with  granite  predominating.  Originally 
the  Archaean  not  only  included  the  above  rocks,  but  also  very 
thick  bands  of  metamorphosed  sediment,  which  have  recently 
been  separated  from  the  Archaean  by  the  United  States  Geolog- 
ical Survey  and  called  the  Algonkian.  In  accordance  with  the 
Canadian  geologists,  the  Archean  is  divided  into  the  Lauren- 
tian  and  Huronian,  the  Huronian  being  largely  metamor- 
phosed sediment.  Lender  the  more  recent  classification  the 
Huronian  belongs  with  other  formations  to  the  Algonkian. 
The  name  Archaean  restricted  as  given  above,  has  in  it  no  evi- 
dence of  life  or  anything  pertaining  to  life.  The  rocks  were 
in  all  probability  of  eruptive  origin  and  represent  the  so-called 
crust  of  our  earth  prior  to  the  deposition  of  any  sediment. 
Other  views  are  held  as  to  the  origin  of  these  rocks ;  but  the 
question  of  origin  cannot  be  discussed  here.  The  Archaean, 
then,  is  the  fundamental  or  primary  formation  that  formed  at 
one  time  the  entire  sea  bottom  and  the  entire  land  masses — a 
formation  universal.  All  of  the  sedimentary  depositions  have 
tended  to  bury  these  oldest  rocks  and  in  consequence  there 
are  only  occasional  areas  exposed,  and  the  most  of  these  in 
Wyoming  occur  along  the  crests  of  the  mountain  ranges; 
when  huge  folds  elevated  them  while  they  were  covered  with 
many  thousand  feet  of  sedimentary  rock.  The  sedimentary 
rocks  have  since  been  removed  bv  erosion.    In  the  Sweetwater 
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valley  there  are  numerous  peaks  of  granite  that  appear  to 
have  been  constantly  above  the  sea  since  the  beginning  of  the 
Archaean  era.  There  was  in  all  probability  a  large  Archaean 
land  mass  in  this  region  that  remained  above  the  sea  from 
Archaean  time  up  to  nearly  the  close  of  the  Tertiary,  when  it 
was  depressed  and  covered  with  a  few  hundred  feet  of  Ter- 
tiary strata.  Typical  Archaean  exposures  can  be  seen  at  Sher- 
man, Laramie  peak,  east  of  Whalen  canon,  along  the  Big 
Horn,  Wina  River,  Uros  Ventre,  Medicine  Bow,  Ferris,  Semi- 
noe  and  Owl  Creek  ranges,  along  the  Sweetwater  river,  a  few 
miles  northwest  of  Rawlins,  and  north  of  Clark's  Fork,  in  Big 
Horn  county.  These  rocks  are  usually  mineral-bearing  and 
when  cut  with  dikes  of  porphyry  make  the  conditions  ideal 
for  the  occurrence  of  all  of  the  precious  metals. 

The  only  way  that  this,  the  oldest  of  formations,  can 
affect  the  artesian  basin,  is  that  it  forms  the  highest  mountain 
ranges,  where  vast  quantities  of  snow  accumulate  during  the 
winter  to  feed  the  basin  with  water  during  the  summer  months, 
and  also  forms  a  bed  rock  in  many  localities  on  which  rests 
the  lowest  and  the  greatest  water  zones  in  the  state.  The  term 
bed-rock  as  used  in  connection  with  this  bulletin,  means  the 
Archaean  granite.  Springs  are  quite  numerous  in  this  forma- 
tion, but  since  the  rocks  are  not  stratified  there  are  no  water- 
bearing zones  that  can  be  traced.  Wells  of  the  very  best 
water  can  be  found  in  the  granite  rocks  and  occasionally  the 
water  will  rise  to  the  surface  and  flow  in  a  small  stream. 
L'sually  wells  put  down  in  these  rocks  have  to  be  provided  with 
some  means  to  elevate  the  water. 
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Proterozoic  Era. 

(eozoic.) 


This  marks  the  first  era  of  sedimentation ;  also  the  intro- 
duction of  life  on  earth.  The  rocks  are  usually  sedimentaries 
that  have  undergone  extensive  metamorphism,  and  are  schists, 
marbles  and  quartzites,  together  with  intrusive  bands  of 
eruptive  rock.  They  are  also  acutely  folded  and  nearly  all  of 
the  evidence  of  fossil  remains  has  been  obliterated.  The  Pro- 
terozoic also  marks  the  first  great  mountain-making  period  of 
our  earth.  These  rocks  are  found  unconformable  with  the 
Archaean. 

ALGOXKIAN. 

Up  to  the  present  time  the  Algonkian  rocks  of  Wyoming 
have  been  referred  to  the  pre-Cambrian  and  have  not  been 
separated  from  the  Archaean.  They  form  important  bands  in 
numerous  localities  and  have  in  this  bulletin,  so  far  as  the 
data  have  warranted,  been  separated  from  the  Archaean.  The 
formation  is  composed  of  schists  in  great  profusion,  marbles, 
quartzites  and  these  cut  with  dikes  of  eruptive  rocks.  The 
strike  of  the  entire  formation  varies  from  north  to  northeast, 
and  the  dip  of  the  strata  is  seldom  less  than  65  or  75  degrees. 
It  is  unconformable  with  the  Archaean  and  is  found  in  great 
granite  basins.  The  thickness  of  the  entire  series  has  not  been 
absolutely  measured,  but  including  the  eruptive  band,  which 
does  not  form  an  important  part,  the  maximum  thickness  in 
Wyoming  is  about  20,000  feet.  Typical  areas  have  been  found 
in  the  Black  Hills  in  Wyoming,  and  occasional  outcrops  to  the 
southwest  from  that  place  to  the  Hartville  hills — one  expos- 
ure being  east  of  Lusk,  another  at  Rawhide  Butte,  and  a  large 
one  in  Whalen  canon.  They  also  occur  at  Halleck  canon, 
Plumbago  canon,  in  the  Medicine  Bow  mountains,  nearly  all 
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of  the  Sierra  Madre  mountains,  in  the  Seminoe  mountains 
and  in  the  Sweetwater  mining  district  of  the  Wind  River 
range.  None  of  these  localities  have  been  examined  in  detail ; 
but  sufficient  work  has  been  done  to  prove  that  these  nxks 
were  at  one  time  sedimentary  and  that  they  have  been  changed 
by  metamorphism  to  schists.  In  the  Sweetwater  districts  the 
rocks  are  chiefly  schists ;  but  there  are  many  bands  of  eruptive 
rock  that  forni  dikes  which  follow  the  strike  of  the  formation 
We  have  every  reason  for  believing  that  life  was  bom  on 
earth  during  the  Algonkian  period;  in  fact  a  few  fossils  iiavc 
been  reported  from  rocks  supposed  to  belong  to  this  foniiation. 
At  the  close  of  this  period  in  Wyoming  there  is  evidence  that 
great  mountain  ranges  were  formed.  A  very  prominent  one 
extended  from  the  Laramie  mountains  north  and  east  to  the 
Black  Hills,  the  remnants  of  which  are  still  visible.  A  sec- 
ond prominent  range  extended  from  South  Pass  northeast  to 
an  unknown  distance.  After  the  mountains  were  foniied  they 
remained  dry  land  a  sufficient  length  of  time  to  have  these 
ranges  reduced  to  mere  hills,  and  in  many  places  to  almost 
plains,  and  upon  their  upturned  edges  was  deposited  the  Cam- 
brian strata.*.  On  account  of  the  strata  being  highly  inclined 
and  ther  l>eing  no  basins  in  which  water  could  accumulate  un- 
d^r  much  head,  none  of  this  series  can  be  seriously  consi tiered 
as  valuable  artesian  basins.  However,  a  small  flow  of  artesian 
water  mav  be  found  in  several  of  these  areas. 


♦In  Miihinan,  the  Algonkian  rocks  contain  very  extensive  deposits  of  both  ir  ^n  aniJ 
lopprr  and  usually  ihcy  arc  mineralized  wherever  found.  In  Wyoming  mines  of  jj hi.  cop- 
per, sil\cr,  Icail  and  ir(»n  <»ri  nr,  in  the  camps  at  South  Pass,  Encampment,  Seminoe  ami  iHe 
P.lack  Hills. 
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The  Paleozoic  Era. 


The '  Paleozoic  rocks  in  Wyoming  rest  unconformably 
upon  the  Archean  and  Algonkian,  and  vary  in  thickness  from 
I, coo  to  4,000  feet.  Along  the  Appalachian  mountains  rocks 
of  the  same  era  have  a  thickness  of  40,000  or  50,000  feet.  In 
Wyoming  the  Paleozoic  rocks  are  nearly  all  limestones,  with  a 
few  bands  of  calcareous  sandstone,  some  sandstone,  quartzites 
and  conglomerates.  These  occur  along  the  mountain  sides, 
dipping  at  various  angles  and  sometimes  reaching  elevations 
of  9,000  or  10,000  feet.  Along  the  western  flank  of  the  Big 
Horn  and  the  eastern  flank  of  the  Wind  River  range  these 
rocks  extend  from  the  granite  to  the  base  and  practically  cover 
the  mountain  slopes.  Upon  reaching  the  foot  of  the  ranges 
the  Paleozoic  rocks  dip  beneath  later  formations.  From  a  life 
standpoint  the  Paleozoic  era  was  the  first  important  period  in 
the  world's  history.  Life  had  existed  for  some  time  prior  to 
the  advent  of  this  era;  but  it  was  represented  so  far  as  we 
know  only  by  a  few  inferior  sea  animals  and  the  impressions 
of  these  have  been  largely  obliterated  through  the  metamor- 
phism  of  the  strata.  Conditions  changed  at  the  commence- 
ment of  the  Paleozoic  and  for  the  first  time  in  the  world's 
history  the  seas  were  teeming  with  invertebrate  life.  Associ- 
ated with  these  were  numerous  kinds  of  sea  weeds.  The  life 
was  very  simple  to  start  with,  but  as  geological  time  went  on 
it  became  more  and  more  complicated.  The  sea  life  changed 
from  invertebrates  to  vertebrates  (fishes).  Some  of  the  in- 
vertebrates of  the  sea  developed  into  land  animals  (insectby, 
so  that  from  the  beginning  to  the  close  the  era  is  one  of  great 
biological  progress.  From  the  fishes,  amphibians  developed, 
and  from  the  amphibians  reptiles,  which  represented  the  high- 
est type  of  animal  life  known  at  the  close  of  the  Paleozoic. 
The  plant  life  also  developed  in  a  similar  way.    The  sea  weeds 
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developed  into  land  plants  and  these  into  shrubs  and  finally 
into'  large  trees,  which  made  great  forests,  but  the  highest 
fomi  of  vegetable  life  was  far  from  representing  the  decidu- 
ous trees  of  today.  From  an  economic  standpoint  the  Paleo- 
zoic in  Wyoming  is  of  but  little  importance,  the  building  ma- 
terial and  the  production  of  iron,  oil  and  gas  being  the  only  pro- 
ducts. In  the  east  and  in  other  countries,  it  was  in  the  Paleo- 
zoic that  the  great  Carboniferous  coal  fields  were  formed. 
Along  the  Appalachian  mountains  there  are  great  fields  of 
oil  and  gas,  as  well  as  beds  of  salt,  clay,  g>psum  and  iron  ore. 
In  the  Mississippi  valley  these  rocks  contain  vast  deposits  of 
lead  and  zinc.  In  Wyoming,  this  series,  although  very  thin, 
must  be  considered  as  essential  bands,  since  thev  are  found  ex- 
tending  to  high  points  along  the  mountains  and  act  not  only 
as  large  storage  reservoirs  but  also  furnish  hydrostatic  press- 
ure.  Again  they  are  important  since  the  water  found  in  them 
is  usually  quite  free  from  alkali  and  other  injurious  ingredi- 
ents. 
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CAMBRIAN  PERIOD. 

This  was  the  first  geological  period  in  which  Hfe  be- 
came of  much  importance  on  our  earth.  The  records  of  the 
rocks  prove  conchisively  that  all  life  was  confined  to  the  sea, 
and  was  represented  by  lower  forms  of  the  animal  and  vege- 
table kingdoms.  While  deposits  thousands  of  feet  thick  were 
collecting  in  the  eastern  part  of  the  United  States,  Wyoming 
was  dry  land,  but  became  partly  submerged  near  the  close  of 
this  period.  There  are  no  Cambrian  rocks  known  in  south- 
eastern Wyoming;  but  in  the  central  part  and  in  the  north 
and  west,  the  strata  reach  a  thickness  of  from  a  few  hundred 
to  about  i,ooo  feet.  The  lower  portion  of  this  series  is  made 
up  of  conglomerates  and  sandstones  that  are  usually  metamor- 
phosed into  quartzites ;  the  upper  is  nearly  all  limestone.  The 
later  beds  are  exposed  only  in  northern  Wyoming,  while  the 
reddish  sandstones,  conglomerates  and  quartzites  are  exposed 
as  far  south  as  Rawlins  and  form  the  major  part  of  the  Cam- 
brian northward  into  the  Wind  River  and  Big  Horn  moun- 
tains. These  strata  form  the  lowest  bands  in  manv  of  the 
artesian  basins,  since  they  rest  either  upon  the  Arohean  or 
upturned  edges  of  the  Algonkian  rocks.  This  is  a  very  im- 
portant water-bearing  formation  and  will  probably  be  the 
greatest  in  any  of  the  basins  where  the  Cambrian  rocks  occur. 
They  will  usually  be  found  encircling  the  Archaean  masses,  and 
typical  exposures  can  be  seen  at  Whalen  canon,  east  of  Sun- 
dance»  northwest  of  Rawlins,  along  the  Grand  Canon  of  the 
Platte,  near  ^liner's  Delight,  along  the  Big  Horn  and  Wind 
River  mountains. 
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SOME  CAMBRIAN  F088IL8  SELECTED   FROM  VARIOUS 

SOURCES. 

[Bxplanatlon  of  Plate  I.] 

No.    I — Paradoxides  bohemicus,  Barr. 

No.    2 — Olenellus  kjerulfi. 

No.    3 — Olenus  truncatus,  Brisnn. 

No.    4 — Holopea  sweeti,  Whitfield. 

No.    5 — Ophileta  primordailis,  Whitfield. 

50 — Side  view  of  No.  5. 
No.    6—Bellerphon  antiquatus,  W^hitfield. 
No.    7 — Orthis  (Protorthis)  billingsi,  Walcott. 
No.    8 — Linnarssonia  transversa,  Walcott. 
No.    9 — Triplesia  (Camarella)  pritnordialis,  Walcott. 
No.  10— Lingulepis  antiqua.  Hall. 
No.  1 1 — Stenotheca  arcadia,  Walcott. 
No.  12 — Matheria  variabilis j  Walcott. 


—(9) 
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THE  ORDOVICIAN  PERIOD. 

(lower  Silurian). 

At  the  close  of  the  Cambrian  all  of  Wyoming  was  elevated 
above  the  sea  and  remained  so  for  long  periods  of  time;  but 
the  northern  half  of  the  state  was  submerged  near  the  close 
of  the  Ordovician  period,  which  allowed  strata  to  accumulate 
to  a  thickness  of  from  600  to  900  feet.  These  rocks  are  Jight 
colored,  thick  bedded  limestones  and  sandstones,  but  contain 
very  little  fossil  life.    The  Ordovician  period  was  one  of  great 

'  importance  in  geological  history.  Prior  to  this  time  the  life 
was  represented  by  sea  life  only  and  the  highest  types  were  in- 
vertebrates. During  this  period  insects  made  their  first  ap- 
pearance on  the  land  and  fishes  in  the  sea.  It  was  also  marked 
by  the  general  advancement  of  invertebrate  life,  and  trilobites 
reached  their  maximum  of  development.    Rocks  of  this  period 

•are  found  along  the  Wind  River  and  Big  Horn  mountains, 
where  they  extend  to  points  of  considerable  elevation.  The 
strata,  being  sandstones  and  limestones,  are  of  great  impor- 
tance in  the  vicinities  where  they  occur,  and  are  practically  as 
valuable  for  artesian  wells  as  the  Cambrian.  The  supply  of 
water  will  usually  be  large  and  will  flow  under  great  pressure. 
Good  exposures  of  Ordovician  can  be  seen  two  or  three  miles 
northeast  of  Miner's  Delight,  along  Beaver  creek,  near  the 
head  of  Warm  Spring  creek,  a  few  miles  above  Dayton,  and 
eight  or  ten  miles  west  of  Hartville.  In  Wyoming  nothing  of 
comercial  importance  has  been  found  associating  w^ithin  these 
rocks  except  building  material.  In  Ohio  the  Ordovician  pro- 
duces natural  gas  and  petroleum. 

SILURIAN  PERIOD. 

(upper  Silurian). 

So  far  as  known  there  are  no  Silurian  rocks  in  Wyoming. 
Many  geologists  have  reported  the  Silurian,  and  in  the  reports 
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of  Havden  the  temi  is  used.  In  the  most  of  these  cases  the 
Cambrian  was  considered  Silurian,  together  with  the  thin  band 
of  Ordovician  or  Lower  Silurian.  So  far  as  our  present  inves- 
tigations have  proven,  Wyoming  was  dry  land  during  the 
Silurian,  .as  it  had  been  the  greater  portions  of  the  Cambrian 
and  Ordovician.  Owing  to  the  absence  of  the  Silurian  rocks, 
and  slight  importance  of  the  Devonian,  plates  of  fossils  illus- 
trating these  periods  have  been  omitted. 


DEVONIAN   PERIOD. 

This  is  the  "Old  Red  Sandstone"  period.    By  others  it  has 
been  called  the  age  of  fishes.    It  is  only  recently  that  the  Devo- 
nian has  been  reported  from  this  state,  and  all  that  is  at  present 
known  of  it  is  confined  to  the  northwestern  corner  of  Big 
Horn  county  and  Yellowstone  park.    It  is  highly  probable  that 
thin  bands  may  also  be  found  in  the  Big  Horn  mountains. 
In  the  eastern  part  of  the  United  States  they  attain  a  thickness 
of  several  thousand  feet,  while  in  Wyoming  they  are  only  250 
feet.    The  strata  are  chiefly  limestones  in  which  there  are  a 
few  typical  species  of  invertebrates.     No  fishes  have  been  re- 
ported.   In  considering  the  many  phases  in  geological  history, 
there  are  numerous  important  events  that  should  be  recorded ; 
but  only  a  very  brief  reference  will  be  made.    Prior  to  this  pe- 
riod we  have  little  or  no  evidence  that  forests  ever  existed; 
but  during  the  Devonian  they  were  extensive  enough  to  form 
veins  of  coal.     Vertebrate  life  was  introduced  on  land  in  the 
form  of  amphibians  (frog-like  animals).    The  seas  were  filled 
with  fishes.     At  no  other  period  in  the  world*s  history  did  so 
many  fishes  live.    They  were  not  like  the  most  of  the  fish  that 
w^e  are  acquainted  with  today,  but  belonged  to  an  old  type 
which  is  represented  in  our  rivers  by  the  sturgeon. 

In  Wyoming  the  Devonian  rests  conformably  upon  the 
Ordovician.     Nothing  of  economic  importance  has  been  re- 
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SOME  ORDOVICIAN   FOSSILS. 

[Explanation  of  Plate  II.  J 

No.    I — Ceraurus  pleurexanthemus,  Walcott. 

An  Ordovician  Trilobite. 
No.    2 — Orthis  (Platystrophia)  biforata,  Hall. 
No.    3 — Lingnla  qiiadrata,  Hall. 
No.   4 — Lichas  trentonefisis,  Meek. 
No.    S — Crytoceras  subanunlatum,  D*Orb. 
No.    6 — Ambonychia  radiaia,  Hall. 
No.    7 — Crytolites  compressus,  Hall. 
No.    8 — Conularia  trentonensis,  Hall. 
No.    9 — Ambonychia  bellistrata,  Hall. 
No.  lo — RaHnesquina  alternata,  Meek. 
No.  II — Orthis  occidentalism  Hall. 
No.  iia — Orthis  occidentalism  Hall.     Side  view. 
No.  12 — Cyclone  ma  bilex,  Conrad. 
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ported  from  these  strata ;  but  in  the  east  they  supply  both  oil 
and  gas,  and  in  England  they  contain  thin  beds  of  coal.  On 
account  of  the  very  limited  occurrence  these  rocks  enter  into 
the  structure  of  the  Big  Horn  artesian  basin  only,  and  in  this, 
in  the  northwestern  corner,  where  the  formations  are  nearly 
vertical  along  most  of  the  outcrops.  Consequently  they  de- 
serve little  or  no  attention.  They  will  be  found  to  be  water- 
bearing and  possibly  there  may  be  some  tunnel  propositions, 
where  thev  mav  yield  considerable  water.  Their  high  inclina- 
tion  practically  bars  them  from  furnishing  wells. 

CARBONIFEROUS  PERIOD. 

This  period  is  separated  into  upper  and  lower  divisions, 
both  of  which  are  represented  in  Wyoming;  but  neither  is 
of  much  importance  as  compared  with  the  Carboniferous  for- 
mations of  the  Appalachian  mountains.  The  lower  Carbonif- 
erous series  is  formed  only  in  the  northern  part  of  the  state, 
where  the  strata  are  very  thick  bedded  limestones.  Near 
Miner's  Delight  there  are  strata  of  light  colored  limestone  that 
arc  upwards  of  50  feet  in  thickness.  In  the  Wind  River  moun- 
tains this  series  of  rocks  has  a  thickness  varying  from  400  to 
600  feet,  but  seem  to  thicken  to  the  northward.  The  *;anie 
series  of  beds  have  also  been  observed  in  the  Black  Hills  and 
along  the  Big  Horn  range. 

The  upper  Carboniferous  marks  a  period  in  Wyomiiii: 
geology  in  which  the  entire  state  with  the  exception  of  the 
Sweetwater  valley  was  depressed  and  became  a  sea.  Even 
the  southeastern  corner  of  the  state,  that  had  remained  con- 
stant land  since  the  close  of  the  Archaean  era,  was  sub- 
merged. This  subsidence  was  quite  late  in  the  upper  Car- 
boniferous period  and  there  are  only  thin  bands  of  repre- 
sentative rocks,  which  are  the  first  strata  that  are  universa  ly 
distributed  in  the  artesian  basins  of  Wyoming.  In  no  instance 
have  these  rocks  been  reported  to  be  over  2,200  feet  in  thick- 
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ness,  and  this  must  be  considered  as  the  maximum  if  not  an 
over-estimate.  Usually  the  thickness  is  less  than  i,ooo  feet. 
The  strata  are  chiefly  limestones  with  calcareous  sandstone, 
and  sandstones  which  vary  in  color  from  drab  to  pink  and  red. 
Along  the  Laramie  mountains  the  lowest  stratum  is  a  grit  and 
conglomerate,  which  has  been  considered  to  be  Cambrian  by 
some  geologists ;  but  there  is  no  evidence  to  prove  this  sug- 
gfestion. 

The  life  of  the  Carboniferous  shows  an  improvement  on 
the  life  of  the  Devonian.  The  early  forms  of  shell-fish  that 
were  so  nimierous  in  early  Paleozoic  periods  have  disappeared 
or  are  disappearing,  and  their  places  filled  with  higher  and 
more  complicated  forms.  Trilobites,  that  were  the  most  com- 
mon form  of  life  during  the  Ordovician,  have  nearly  disap- 
peared at  the  close  of  the  Carboniferous.  The  vertebrate  life 
of  the  seas  was  made  up  of  several  types  of  fishes.  Many  of 
these  were  large  sharks.  The  land  vertebrates  that  are  known 
were  all  amphibians ;  but  in  all  probability  reptiles  sprang  into 
existence  at  the  close  of  the  Carboniferous.  The  amphibians 
"were  of  unusvial  size  and  were  the  kings  of  land  life  during 
this  period. 

The  vegetable  kingdom  had  advanced  equally  as  rapidly 
as  had  the  animal.  The  small  forests  of  the  Devonian  merged 
into  large  ones  during  the  lower  Carboniferous  and  these  into 
gcreat  jungles  and  vast  forests  during  the  upper  Carboniferous. 
The  last  was  the  first  great  coal-making  period,  during  which 
the  great  coal  fields  of  central  and  eastern  United  States,  Eng- 
land and  many  other  countries  were  deposited.  Conditions  fa- 
vored the  rankest  growth  of  vegetation  at  that  time,  which 
accumulated  in  the  marshes  where  it  had  grown  and  was  af- 
terwards buried  beneath  the  rocks  and  changed  to  coal.  All 
of  the  trees  of  this  period  were  lower  types  than  the  deciduous 
trees;  many  of  them  were  similar  to  the  ferns  of  our  day. 
For    example,    the    scouring    rushes    that    grow    along    our 
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SOME  CARBONIFEROUS  FOSSILS. 

[Explanation  of  Plate  III.] 

No.    I — Myalina  subquadrata,  Shumard. 

No.    2 — Chonetes  granulifera,  Owen. 

No.    3 — Aviculopectin  occidentalis,  Shumard. 

No.    4 — Zaphrentis   stanburyi.   Hall.      One-half   natural 

size. 
No.    5 — Productus  nevadensis.  Meek. 
No.    6 — Seminula  argentia,  Hall. 
No.    7 — Spirifernia  pulchra,  Meek. 
No.  ya — Side  view  of  No.  7. 
No.    8 — Goniatites  goniolobus,  Meek. 
No.    ^—Orthis  resupinata,  Martin. 
No.  10 — Productus  longispinus,  Sowerby. 
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streams  and  are  seldom  over  i8  inches  or  2  feet  in  length, 
and  a  quarter  of  an  inch  in  diameter,  were  large  trees  during 
the  Carboniferous  coal  period.  Besides  the  great  accumulation 
of  coal  in  the  Carboniferous,  there  were  beds  of  iron  ore,  fire 
clay  as  well  as  other  clays,  gypsum,  salt,  petroleum  and  gas. 
Petroleum  is  never  found  associated  with  coal  veins.  There 
are  also  deposits  of  lead  and  zinc  ores  in  the  lower  Carbonif- 
erous of  the  Mississippi  valley.  In  Wyoming  the  Carbonifer- 
ous rocks  in  no  way  compare  to  the  series  in  the  east.  They 
do  not  contain  any  coal,  clay,  salt  beds,  gypsum,  lead  or  zmc, 
nor  do  they  contain  either  oil  or  gas.  The  only  valuable  eco- 
nomic products  thus  far  discovered  have  been  iron  and  copper 
ore,  together  with  building  material.  The  great  iron  deposits 
at  Rawlins  and  Hartville  are  found  in  these  rocks,  as  are  ox- 
idized copper  ores  in  the  same  regions.  In  a  few  localities 
there  are  beds  of  marble  and  marble  onvx. 

Since  these  rocks  occur  in  ever\'  artesian  basin  in  W>-o- 
ming  and  are  thicker  than  any  of  the  preceding  formations, 
they  are  worthy  of  special  consideration.  In  southeastern 
Wyoming  the  best  wells  will  be  found  in  these  strata,  and  to 
the  northward  they  will  always  be  found  to  contain  very  valu- 
able water  bands.  As  a  general  rule  water  will  be  found  at 
less  depth  than  in  the  earlier  formations.  Especially  is  this 
true  in  localities  where  wells  are  to  be  drilled  near  the  foot 
of  the  mountain,  in  the  Triassic  red  sandstones.  The  supply 
of  water  will  vary  greatly  with  the  localities ;  but  as  a  rule  it 
will  be  found  very  satisfactorily,  and  will  also  be  excellent 
water  for  all  purposes.  Generally  speaking,  these  rocks,  wth 
the  Permian,  form  the  lower  slopes  of  nearly  all  of  our  moun- 
tain ranges. 

THE  PERMIAN  PERIOD. 

The  Permian  terrane  is    not  well  represented  in  America, 
and  until  recent  years  many  have  objected  to  referring  any  of 
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the  strata  to  this  period.  It  was  a  usual  thing  for  the  geolo- 
gists employed  by  Hayden  to  refer  the  highest  bands  of  the 
Paleozoic  of  Wyoming  to  the  Permian;  but  in  no  case  did 
they  offer  any  evidence  for  so  doing.  Later,  no  one  consid- 
ered any  of  these  strata  as  Permian.  Only  a  year  ago  I  dis- 
covered along  the  flank  of  the  Laramie  mountains  a  formation, 
not  over  200  feet  in  thickness,  that  contains  a  fauna  almost  the 
same  as  has  been  reported  from  the  Kansas  and  Nebraska 
Permian.  There  seems  little  reason  to  doubt  that  these  rocks 
are  widely  distributed  and  are  to  be  found  in  the  Big  Horn 
and  Wind  River  ranges,  as  well  as  in  the  southeastern  comer 
of  the  state.  The  strata  along  the  Laramie  mountains  are 
composed  of  light  colored  limestones,  pink  calcareous  sand- 
stones, light  red  sandstones  and  a  bed  of  pure  white  sand  that 
has  been  utilized  for  glass-making.  It  is  possible  that  the 
rocks  that  have  been  assigned  to  the  Upper  Coal  Measures 
may  prove  to  be  Permian.  The  presence  of  copper  in  the 
bands  points  that  way. 

During  the  Permian  period  of  the  world,  the  life  resem- 
bled the  Carboniferous.  There  were  many  lingering  Coal 
Measure  genera  and  a  few  species.  There  were  also  fossils 
that  took  on  Mesozoic  characteristics.  The  vertebrate  life 
was  not  only  represented  by  fishes  and  amphibians,  but  also 
by  the  introduction  of  reptiles. 

The  close  of  the  Paleozoic  was  a  mountain-making  period 
and  the  Appalachian  and  many  foreign  ranges  were  made. 
In  Wyoming  there  was  no  change  or  folding  of  the  strata,  and 
the  great  Paleozoic  era  passed  into  the  Mesozoic  era  as  unin- 
terrupted as  in  many  other  instances  one  stage  passed  into 
another.  Where  Permian  rocks  are  definitely  known  in  Wyo- 
ming they  all  form  the  lower  slopes  of  the  mountain  ranges 
and  occasionally  extend  well  up  to  the  Archaean.  Of  the  Pale- 
ozoic, these  beds  are  of  the  least  importance  in  the  artesian 
basins.     They  are,  however,  superior  to  any  of  the  Mesozoic. 


132  Wyoming  Experiment  Btation. 


Usually  it  will  be  possible  to  start  a  well  in  the  Dakota  sand- 
stones, and  pass  through  the  Jurassic  and  Triassic  and  secure 
water  in  the  Permian. 


The  Mesozoic  Era. 


Wyoming  was  a  land  mass  during  the  greater  portion  of 
the  Paleozoic  era,  and  this  accounts  tor  the  extremelv  thin 
beds  of  rock  belonging  to  that  grand  division  of  geological 
time.  At  the  close  of  the  Paleozoic  era,  in  the  eastern 
part  of  the  United  States,  the  Appalachian  mountains  were 
made;  but  in  Wyoming  the  Paleozoic  seas  merged  into  the 
Mesozoic  without  any  interruptions,  which  causes  the  ^^eso- 
zoic  to  rest  upon  the  Paleozoic  apparently  conformably.  It 
is  very  thick,  from  20,000  to  30,000  feet.  They  differ  from 
the  older  rocks  in  being  less  compact,  and  also  in  containing 
numerous  bands  of  shale  and  clay.  Although  very  thick,  there 
are  only  a  few  bands  containing  limestone.  Conditions  had 
so  changed  that  the  seas  were  shallow  and  in  some  instances 
fresh  water  lakes  covered  vast  areas.  The  changes  in  life 
were  very  important.  In  the  early  Mesozoic  the  vertebrate 
life  had  so  advanced  on  earth  that  huge  reptiles  occupied  both 
land  and  sea.  The  swimming  saurians  are  known  as  PUsio- 
saurs  and  Ichthyosaurs;  the  land  reptiles  as  Dinosaurs, 
Mammalian  life  was  also  introduced  about  this  time :  but  the 
animals  were  about  the  size  of  a  mouse  and  belonged  to  the 
lowest  type.  Our  modern  fishes  also  appeared  during  the  early 
Mesozoic.  Toward  the  middle  of  the  Mesozoic,  flying  Sauri- 
ans appeared,  and  also  birds.  It  was  about  this  time  that  the 
Dinosaurs  reached  their  maximum  development.  Vegetable 
life  was  also  advancing  and  in  the  upper  portion  of  the  era  the 
first  deciduous  trees  appeared  on  earth.    At  the  close  all  of  the 
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Plesiosaurs,'  Ichthyosaurs,  as  well  as  many  other  kinds  of 
swimming  Saurians,  together  with  the  Dinosaurs  and  Ptero- 
saurs (or  flying  Saurians),  became  extinct.  These  rocks  at 
one  time  covered  nearly  all  of  the  state,  and  although  great 
mountains  have  been  made  and  hundreds  of  square  miles  of 
rock  have  been  carried  away  by  erosion,  they  cover  or  under- 
lie three-fourths  of  Wyoming  at  the  present  time.  They  are 
found  as  the  base  of  the  mountains  and  occupying  the  valleys 
and  forming  the  plateaus.  They  play  an  important  part  in  the 
artesian  basins  of  the  state,  since  they  are  associated  with  all 
of  them.  At  the  close  of  the  Mesozoic,  the  Rocky  mountains 
were  made  and  the  mountain  system  that  practically  extends 
from  Tierra  del  Fuego  to  Alaska  came  into  existence. 

THE  TRIASSIC  PERIOD. 

This  series  has  been  called  by  other  names  than  Trias,  e- 
Triassic.  In  the  old  world  they  are  known  as  the  "New  Red 
Sandstone"  and  in  Wyoming  they  have  been  called  the  "Red 
Beds."  Of  all  the  geological  formations  in  Wyoming,  this  is 
the  most  conspicuous.  It  has  numerous  beds  of  dark  red  sand- 
stone, with  some  red  shales  and  thick  beds  of  gypsum  near  the 
base.  These  bands  can  be  seen  at  the  foot  of  nearly  all  of  the 
mountain  ranges,  either  forming  precipitous  bluffs  that  rise 
a  hundred  or  more  feet,  facing  the  range,  or  in  dark  red  bands, 
following  its  trend.  In  some  localities  they  have  been  nearly 
leveled  by  erosion,  but  can  be  seen  cropping  out  at  the  crossing 
of  every  stream  and  in  the  red  soil  caused  by  their  decomposi- 
tion. They  often  color  a  wide  band  reddish  that  winds  about 
the  foot  of  the  mountain  like  a  great  snake.  Quite  frequently 
these  rocks  are  wind  worn  and  cut  into  the  most  fantastic 
forms  and  are  not  easily  surpassed  for  natural  artistic  beauty. 
In  other  regions  there  are  deep  circular  depressions  caused  by 
caves  in  the  Permian  rocks  below.  This  makes  circular  caves 
which  are  often  one  hundred  feet  in  diameter  and  sometimes  a 
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hundred  or  more  feet  deep.  These  depressions  are  common 
in  Crook  county,  east  .of  Sundance,  and  near  Spring  creek.  Big 
Horn  county.  Forming  as  this  period  does  the  base  of  the 
Mesozoic,  they  can  easily  be  separated  from  the  light  colored 
sand  and  limestones  of  the  Permian  below,  and  the  dark  col- 
ored fossiliferous  bands  of  the  Jurassic  above.  Xo  fossils 
have  been  recognized  as  in  other  sections,  and  the  entire  series 
is  barren  or  nearly  so,  for  not  a  single  species  of  fossil  of  any 
kind  has  been  reported  from  them.  In  other  parts  of  the 
United  States,  and  in  Europe,  they  are  rich  in  both  plant  an4 
animal  life  and  are  especially  marked  by  the  introduction  of 
swimming  Saurians  and  mammals.  The  mammals  were  ver)' 
small,  probably  not  larger  than  a  good-sized  mouse.  Good, 
and  frequently  bad,  water  will  be  found  in  the  Triassic  sand- 
stones. The  usual  impurity  is  g}'psum,  which  makes  the  wa- 
ter extremely  hard  and  slightly  bitter.  While  it  is  usually 
called  poor  water,  it  is  nevertheless  valuable  for  irrigation  pur- 
poses. These  sandstones  will  always  furnish  water  in  all  of 
the  artesian  basins,  but  no  one  should  expect  to  find  a  supply 
such  as  might  be  obtained  in  the  Paleozoic  rocks. 

THE  JURASSIC  PERIOD. 

Formely  the  Jurassic  and  Triassic  terranes  were  united 
for  the  Rocky  mountains  under  the  head  Jura-Trias.  They 
are,  however,  so  different  in  their  general  characteristics  that 
a  novice  can  easilv  draw  the  line  of  demarkation,  and  there  is 
no  reason  why  they  should  not  be  discussed  as  they  are  here, 
under  different  heads. 

The  Jurassic  rocks  are  everywhere  found  resting  upon  the 
Triassic  red  sandstone,  and  are  widely  distributed  throughout 
Wyoming.  Of  this  series  there  are  two  distinct  stages,  the 
Shirley  representing  the  marine  and  the  Como  the  fresh  %\ater 
or  upper  division. 

These  stages  represent  a  very  small  portion  of  the  Juras- 
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sic  time  and  should  be  considered  as  belonging  to  the  upper 
third  of  the  Jurassic  rocks.  In  reality  they  represent  only  a 
fraction  of  this  division. 

THE  SHIRLEY  STAGE. 

The  Shirley  stage  is  composed  of  bands  of  dark  clays  and 
shales,  together  with  a  few  thin  bands  of  dark  colored  lime- 
stones and  numerous  strata  of  sandstone.  Near  the  base  the 
sandstones  are  usually  light  colored.  In  thickness  this  stage 
varies  from  a  few  feet  to  250  feet  and  probably  exceeds  this  in 
the  western  part  of  Wyoming.  In  southeastern  Wyoming  this 
formation  does  not  occur,  the  limit  being  between  twenty-five 
and  thirty  miles  northwest  of  Laramie.  With  the  exception 
of  southeastern  Wyoming,  the  Shirley  rests  upon  the  Triassic, 
and  often  the  light  colored  sandstones  are  found  in  contact 
with  the  red. 

There  is  a  single  characteristic  fossil  that  always  accom- 
panies these  beds  and  it  is  scientifically  known  as  a  Belemnite, 
It  is  a  rather  slender  fossil,  circular  in  traverse  section,  and 
tapering  gradually  to  a  point.  ^Sometimes  there  is  a  conical 
opening  at  the  broad  end,  and  in  fact  there  always  is  when  the 
fossil  is  complete.  A  large  one  is  six  inches  long  and  three- 
fourths  of  an  inch  in  diameter.  Besides  the  Belemnites  there 
were  numerous  invertebrates  and  swimming  Saurians.  The 
Ichthyosaur  or  fish  Saurian  was  a  reptile  with  a  long,  large 
head,  no  neck,  a  round  body  with  four  paddles,  and  a  long, 
slim  tail.  They  varied  in  length  from  12  to  40  feet  and  were 
very  ferocious  animals,  that  subsisted  entirely  upon  flesh.  As- 
sociated with  the  Ichthyosaurs  were  many  other  types  of 
swimming  reptiles,  chief  of  which  were  the  Plesiosaurs,  or 
Plesiosaur-like  animals.  These  differed  from  the  foregoing  in 
having  long  necks  and  larger  paddles.  They  attained  a  great- 
er length  and  were  also  carnivorous  in  habit,  and  absolute  rul- 
ers of  the  sea.  The  largest  of  the  Plesiosaur  type  known  was 
discovered  in  Wyoming.     A  front  paddle  in  the  University 
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SOME  JURASSIC  FOSSILS  FROM  THE  SHIRLEY  STAGE. 

[Explanation  of  Plate  IV.] 

No.  I  a — Belemnites  densiis,  Meek.     Side  view. 

No.  1 6 — ^Transverse  section  of  No.  la. 

No.    2 — Pentacrinus  asteriscus,  Meek.    Enlarged. 

No.  3 — Camptonectes  bellistriata,  Meek.  One-half  natu- 
ral size. 

No.    4 — Pseudomonotis  airfa,  Hall. 

No.    5 — Ostrea  strigilecula,  White. 

No.  6a — Cordioceras  cordiformis,  M.  &  H.  Much  re- 
duced.    Side  view. 

No.  6b — Cordioceras  cordiformis,  M.  &  H.  Much  re- 
duced.    Profile  view. 

No.  7 — Gryphaea  calceola,  var.  nebrascensis,  M.  &.  ri. 
One-half  natural  size. 


—do) 
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collection  is  nearly  eight  feet  in  length,  and  other  parts  in 
proportion.  Associated  with  the  land  life,  which  was  largely 
Dinosaurs,  were  numerous  Pterosaurs,  or  flying  reptiles,  and  a 
few  birds  that  were  provided  with  teeth.  None  of  these  have 
been  found  in  Wyoming,  but  are  associated  with  Jurassic  rocks 
in  other  regions.  In  these  seas  there  were  also  numerous  fishes 
and  turtles,  and  along  the  rivers  many  crocodiles. 

THE  COMO  STAGE. 

The  Como  stage  at  one  time  covered  the  entire  state  w4th 
one  possible  exception,  and  persists  at  the  present,  except  in 
localities  where  mountain-making  and  folding  have  caused  ex- 
cessive erosion.  These  strata  differ  from  the  Shirley  in  being 
of  fresh  water  origin,  and  hence  they  do  not  contain  any  ma- 
rine life.  This  character  alone  will  aid  any  one  in  separating 
them  from  the  lower  beds.  The  formation  is  from  150  to  250 
feet  in  thickness,  and  above  it  there  is  nearly  always  a  band 
of  either  Dakota  conglomerate  or  sandstone,  of  the  Cretaceous. 
It  is  a  common  thing  to  see  the  slopes  of  the  Como,  which  are 
often  quite  precipitous,  piled  up  with  blocks  of  Dakota  con- 
glomerate, which  range  from  a  few  feet  to  cubes  20  feet  in  di- 
ameter. The  strata  are  largely  marls  ?nd  clays  of  different 
colors,  with  yellow,  brown,  red  and  drab  predominating. 
These  are  separated  by  a  few  thin  bands  of  sandstone  and 
limestone. 

The  Como  stage  is  the  great  Dinosaur  horizon  from 
which  the  many  curious  and  huge  animals  have  been  collected. 
Dinosaurs  represent  the  largest  land  animals  that  have  e\-er 
lived,  as  well  as  very  small  ones.  Wyoming  is  justly  cele- 
brated for  these  remains,  since  there  is  not  another  spot  on 
earth  where  so  many  have  been  found.  The  largest  of  these 
animals  were  80  to  90  feet  in  length  and  stood  20  to  25  feet 
high.  A  thigh  bone  in  the  University  collection  measures  69 
inches  high  and  the  shaft  is  33  inches  in  circumference. 
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A  dorsal  vertebra  is  40  inches  high  and  the  centrum 
measures  12  inches  in  diameter.  A  rib  is  nearly  seven  feet 
long  and  is  14  inches  in  circumference. 

The  largest  animals  were  herbivorous  quadrupeds;  but 
others,  which  hopped  about  like  a  kangaroo,  were  carnivorous. 
Some  had  huge  plates  of  bone  ornamented  with  spikes;  in 
fact,  the  life  was  too  varied  to  even  notice  in  a  description  of 
this  sort.  The  bones  of  these  animals  are  found  in  beds  of 
marls  and  sanstones  and  sometimes  occur  in  layers  that  are 
four  feeet  thick,  and  so  mixed  up  that  the  most  expert  anato- 
mist can  not  assemple  them  again. 

With  the  marl  beds  there  occur  fresh  water  mollusks,. 
some  fishes  and  crocodiles.  But  little  is  known  of  the  vegeta- 
ble life.  There  are  numerous  species  of  petrified  wood  found' 
and  also  some  Cycad  trunks.  Cycads  were  an  early  form  of 
vegetable  life,  the  trunk  of  which  grew  about  a  foot  in  height 
and  from  six  to  ten  inches  in  diameter.  They  are  conical  in 
form  and  are  marked  in  the  surface  with  many  diamond- 
shaped  leaf  scars.  Some  twenty  species  have  been  found  in 
the  Como  stage. 

During  this  stage  Wyoming  was  a  low,  marshy  country, 
largely  covered  with  fresh  water  lakes,  about  which  grew 
a  tropical  vegetation.  From  an  artesian  standpoint  this  for- 
mation is  of  less  importance  than  any  of  those  previously  dis- 
cussed. 

I 

The  marls  and  clays  contain  considerable  sodium  sulphate, 
which  is  often  seen  as  a  thin,  efflorescent  crust  on  the  surface. 
Good  water  follows  the  sandstones,  especially  the  light  col- 
ored bands.  Great  precaution  should  be  taken  in  drilling 
through  the  Jurassic,  for  the  strata  of  clay  and  marls  will  pro- 
duce caving  of  a  very  serious  nature.  The  Jurassic,  taken  as  a 
whole,  will  be  encountered  in  drilling  in  every  basin  in  Wyo- 
ming in  case  the  well  is  located  in  the  Dakota  stage  and  is 
drilled  to  a  depth  of  1,000  feet  or  more. 
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THE  CRETACEOUS  PERIOD. 

The  Cretaceous  rocks  of  Wyoming  belong  to  the  upper 
half  of  the  period,  with  the  possible  exception  of  some  thin 
bands  found  in  northern  Wyoming,  which  may  be  lower  Cre- 
taceous. This  is  the  greatest  system  of  rocks  of  the  state, 
for  they  cover  or  underlie  over  50,000  square  miles  of  terri- 
tory. Taken  as  a  whole,  the  stages  are  chiefly  made  up  of 
sandstone,  shales  and  clays,  which  reach  the  enormous  thick- 
ness of  from  20,000  to  25.000  feeet.  The  Cretaceous  is  to 
Wyoming  what  the  Carboniferous  is  to  Pennsylvania,  if  con- 
isidered  from  an  economical  standpoint,  for  these  rocks  con- 
tain all  of  the  coal  known  in  the  state  and  nearly  all  of  the 
petroleum  and  natural  gas. 

Hay  den  studied  the  western  Cretaceous  along  the  Mis- 
souri river  nearly  half  a  century  ago  and  made  the  following 
divisions : 

Thickness  given. 

Fox  Hills 500  feet 

Fort  Pierre 700    ** 

Niobrara 200    ** 

Fort  Benson   800    ** 

Dakota 400    " 

Since  these  names  were  adopted  there  have  been  mnny 
changes  in  the  meaning  of  some  of  them,  and  the  introduction 
of  new  terms  to  take  their  places.  For  example,  some  of  the 
geologists  have  included  the  Niobrara,  Fort  Pierre  and  Fox 
Hills  under  the  name  Fox  Hills.  Others  have  used  Fort 
Pierre  to  represent  the  same  band.  The  United  States  Geo- 
logical survey  have  included  the  Fox  Hills  and  Fort  Pierre 
under  the  name  Montana  and  the  Fort  Benton  and  Niobrara 
under  the  name  Colorado,  but  retaining  the  original  names 
given  by  Hayden,  for  lesser  divisions.  Following  the  work 
of  Hayden  along  the  Missouri  river  was  the  mountain  in- 
vestigation, and  the  Laramie  stage  was  discovered.  At  pres- 
ent the  Cretaceous  divisions  are  as  follows: 
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Estioiated  Thickness. 
Maximum,  in  feet. 

,  \  Fort  Union? 2,000 

Laramie. . .  <  j  ^\.^ 

{  Laramie 5,000 

».     ,  i  Fox  Hills 6,000 

Montana  . .  ■{  ^    .  o-  -  ^wwv 

}  r  orl  Pierre 7.ooo 

. ,  ,  .    ,         i  Niobrara 2.000 

Colorado..  ■{  » .     ^  u^  .  « ^^w^ 

}  rort  Benton 2,000 

Bear  River  -j    3«500 

Dakota  ...  {   1,000? 

These  stages,  so  far  as  known,  are  conformable  with  each 
other. 

The  geological  history  of  the  accumulation  of  this  g^eat 
series  of  rocks  is  intensely  interesting,  but  can  not  be  given 
in  this  connection. 

Following  the  Jurassic,  when  the  greatest  Saurians  lived, 
we  find  Saurians,  and  especially  Dinosaurs,  up  to  the  close  of 
the  Laramie.  The  swimming  Saurians,  Plesiosaurs  and 
Mososaurs,  were  also  common ;  but  disappeared  from  the  face 
of  the  earth  prior  to  the  close  of  the  Cretaceous.  Birds  that 
were  introduced  in  the  Jurassic  became  quite  numerous  m  the 
Cretaceous;  but  the  mammals  made  no  advance.  Plant  life 
was  very  abundant,  as  the  many  bands  of  sandstone  and  shale 
containing  impressions  of  leaves,  as  well  as  the  numerous 
coal  veins,  demonstrate. 

The  invertebrate  life  was  represented  by  numerous  spe- 
cies which  resembled  the  shell  fish  of  todav  much  more  than 
the  fauna  of  the  Carboniferous  period.  The  Cretaceous  pe- 
riod of  Wyoming  opened  under  fresh-water  lake  conditions 
and  closed  in  a  similar  manner,  the  lake  being  mostly  fresh 
water  but  occasionally  brackish  at  the  close.  Nearly  all  of 
Wyoming  was  originally  covered  with  Cretaceous  rocks  dur- 
ing the  coal-making  period.  Then  dawned  the  period  of 
mountain-making,  which  caused  these  strata,  together  with 
the  underlying  ones,  to  be  bent  into  great  folds,  which  arc 
now  the  axes  of  our  mountain  ranges.  During  this  period 
Wyoming  was  changed  from  a  nearly  l^vel  country,  that  was 
about  sea  level,  to  one  of  great  mountains  and  valleys.    Orig- 
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inally  all  of  the  prominent  ranges  were  covered  with  from 
10,000  to  30,000  feet  of  sedimentary  rocks,  which  have  been 
removed  by  erosion.  The  Cretaceous  rocks  are  to  be  found 
encircling  the  mountain  ranges  and  lesser  folds.  At  one  time 
they  occupied  the  great  valleys,  as  for  example  the  Green 
river.  Big  Horn  river,  Wind  river,  Powder  river,  Platte  river 
and  Laramie  river.  In  the  Green,  Wind  and  Big  Horn  basins 
large  areas  are  covered  with  Tertiary  sediment.  Although 
the  Cretaceous  strata  are  so  extensive,  and  very  thick,  they 
do  not  play  a  very  important  part  in  the  artesian  basins  as 
water-bearing  rocks.  The  Dakota  will  in  all  probability  be 
the  most  desirable  water-bearing  zone,  and  from  this  upwards 
in  the  geological  scale  the  bands  gradually  become  of  less 
importance.  The  stages  will  be  taken  up  under  their  re- 
spective heads  and  their  strata  discussed. 

THS  DAKOTA  STAGE. 

Until  recent  years  this  has  been  considered  the  base  of 
the  Upper  Cretaceous,  but  since  the  investigations  of  Dr. 
Ward  in  the  Black  Hills  it  has  been  sep^arated  into  two  stages, 
one  representing  the  lowest  member  of  the  Upper  Cretaceous 
and  the  other  the  highest  horizon  of  the  Lower  Crectaceous. 
Since  this  distinction  has  not  been  worked  out  in  Wyoniing, 
it  will  be  considered  under  the  original  meaning.  The  upper 
half  of  the  Wyoming  Dakota  is  made  up  of  bands  of  dark 
clays  and  shales  and  a  few  thin  layers  of  gray  sandstone; 
the  lower  half  of  thick  beds  of  conglomerate  and  sandstone. 
On  the  slopes  below  the  beds  there  are  angular  blocks  of  con- 
glomerate which  usually  rest  in  the  Como  stage,  which  vary 
from  a  few  feet  to  twenty  feet  in  diameter.  The  thickness  of 
this  stage  varies  considerable,  but  is  never  less  than  200  feet 
arid  has  local  developments  varying  from  500  to  800  feet  and 
possibly  more    Few  fossils*  have  been  reported  from  the  Wy- 

^Since  writing  the  above  I  have  found  in  the  sandstones  of  the  Dakota,  in  Johnson 
county,  a  small  pelecypod.  probably  belonging  to  the  genus  Nucula. 
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CRETACEOUS. 
SOME  LARAMIE  FOSSIL  PLANTS. 

[Explanation  of  Plate  VI.] 

No.  I — Quercus  primoidalis,  Lesqx. 

No.  2 — Cinnamomum  scheuchzeri,  Heer.    One-half  natu 

ral  size. 
No.  3 — Sassafras  cretaceum,  Lesqx. 
No.  4 — Sassafras  mudgei,  Lesqx.    One-half  natural  size. 
No.  5 — Platanus  recurvata,  Lesqx. 
No.  6^Juglans  debeyana/htsqx.^ 
No.  7 — Populites  cyclophilla,   Heer?     One-half   natural 

size. 
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oming  rocks  and  these  have  been  found  about  the  Black  Hills 
in  Wyoming,  and  are  all  plants.  In  these  rocks  are  found  the 
first  evidence  of  deciduous  trees  in  Wyoming.  The  forma- 
tion can  best  be  determined  by  its  lithological  character  and 
its  position  in  reference  to  the  Gomo  stag^e  of  the  Jurassic 
and  the  overlying  Fort  Benton  shales.  This  is  the  great  wa- 
ter bearing  horizon  of  the  Dakota  artesian  basins  and  is  also 
a  conspicuous  water  horizon  throughout  Wyoming.  Springs 
of  excellent  water  are  of  common  occurrence  in  these  rcxrks 
along  the  mountains.  Some  attention  should  be  paid  to  the 
fact  that  this  is  the  second  great  petroleum  horizon  in  Wyo- 
ming and  that  it  also  contains  valuable  veins  of  coal  in  Wes- 
ton, Crook  and  Big  Horn  counties,  and  probably  in  many  oth- 
ers. Along  the  Rattlensake,  Powder  River,  Dutton,  Belle 
Fourche,  Bonanza  and  Beaver  oil  basins  the  Dakota  will  con- 
tain inferior  water  unless  it  is  found  in  some  of  the  upper 
sandstones  above  the  oil.  The  rocks  of  this  stage  were  de- 
posited in  fresh  or  brackish  water. 

BEAR   RIVER   STAGE. 

In  southwestern  Wyoming  there  is  a  formation  that  ap- 
pears to  be  between  the'  Dakota  and  the  Fort  Benton.  It  is 
characterized  by  an  independent  fauna  and  is  coal  bearing.  It 
has  been  named  the  Bear  River  stage  by  the  U.  S.  G.  S.  and  it 
seems  very  probable  that  it  is  a  distinct  stage  and  should  be 
included  with  the  others  of  the  Cretaceous.  Some  authors 
consider  it  a  division  of  the  Fort  Benton.  It  has  been  found 
only  in  the  southwestern  part  of  the  state  and  does  not  play 
an  important  part  in  our  geology. 

FORT  BENTON  STAGE. 

Resting  conformably,  or  nearly  so,  upon  the  Dakota  of 
the  eastern  portion  of  Wyoming,  is  the  Fort  Benton.    In  the 


Artesian  Basins  of  Wyoming.  147 

western  half  of  the  state  the  eastern  limit  of  the  Bear  River 
has  not  been  worked  out,  so  that  the  Fort  Benton  can  be  con- 
sidered as  resting  upon  either  the  Dakota  or  Bear  River  stage. 
At  the  base  of  the  Fort  Benton  there  is  always  formed  a  very 
thick  band  of  dark  colored  fissile  shales,  which  weather  nearly 
white.  These  shale  beds  are  usually  200  feet  in  thickness, 
and  if  they  are  highly  inclined  the  slopes  are  always  covered 
with  fragments  of  the  shale  bands.  Associated  with  these 
beds  there  are  numerous  impressions  of  fish  scales,  a  few  mol- 
lusks,  and  a  few  fish  teeth.  Above  the  shales  there  are  prom- 
inent beds  of  dark  clays  and  some  shale  bands  that  are  nearly 
black,  which  are  often  mistaken  for  coal  shales  by  eastern 
coal  miners.  In  the  dark  clays  there  are  masses  of  clay-iron 
stone  that  are  nearly  continuous,  but  not  thick  enough  to  be 
of  commercial  importance.  In  these  clays  are  a  few  bands  of 
Bentonite  (a  clay  that  has  been  called  natural  soap)  which  is 
destined  to  become  a  very  important  article  of  conmicrce. 
This  clay  is  a  hydrous,  non-plastic  variety  which  has  an  un- 
usual power  as  an  absorbent.  The  upper  third  of  this  stage  is 
composed  of  sandstones  and  clays.  The  sandstones  are  usu- 
ally of  a  light  brown  color  and  contain  numerous  fossil  mol- 
lusks  and  sharks*  teeth.  The  Fort  Benton  has  a  maximum 
thickness  of  at  least  2,000  feet.  Oil  springs  and  natural  gas 
vents  have  been  found  in  several  localities.  As  a  water-bear- 
ing horizon  it  is  very  questionable.  The  clay  beds  contain  an 
unusual  amount  of  the  sulphates  of  sodium  and  magnesium, 
and  drilling  will  be  found  difficult  on  account  of  so  many  soft 
bands.  The  water  supply  will  not  be  large.  The  upper  half 
of  the  stage,  when  the  sandstone  bands  are  most  numerous, 
will  furnish  the  best  water. 

Typical  exposures  of  the  Fort  Benton  shale  can  be  seen  at 
the  following  localities :  North  of  Hutton's  lake,  Albany  coun- 
ty; at  Brown's  canon  and  Freezeout  hills,  Carbon  county;  a 
few  miles  east  of  Lander,  in  Fremont  county ;  at  Bonanza  and 
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CRETACEOUS. 
FORT  BENTON   F088IL8. 

[Explanation  of  Plate  VIL] 

These  fossils  are  conditionally  placed  under  the  Fort  Ben- 
ton stage ;  realizing  that  the  line  between  the  Fort  Benton  and 
the  Niobrara  has  not  been  finally  fixed,  and  until  this  has  been 
done  we  cannot  say  definitely  what  are  Fort  Benton  and  what 
are  Niobrara  fossils. 

No.  I — Scaphites  ventricosus,  M.  &  H. 

No.  2 — Cyrena  securis,  Meek. 

No.  3 — Gyrodes  depressa,  Meek. 

No.  4 — Cardium  pauperculum,  Meek. 

No.  5 — Fasciolaria  (Crytorhyhis)  utahensis,  Meek. 

No.  6 — Scaphites  warreni,  M.  &  H. 

No.  7 — Inoceramus  fragilis,  H.  &  M. 
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two  miles  west  of  Cody,  Big  Horn  county ;  southwest  of  Day- 
ton a  mile  or  so,  in  Sheridan  county ;  at  the  Belle  Fourche  oil 
field,  in  Crook  county ;  at  Newcastle,  in  Weston  county ;  along 
the  north  side  of  the  Laramie  mountains,  in  Natrona  and  Con- 
verse counties,  and  along  the  east  side  of  the  same  range  in 
Laramie  county. 

THE   NIOBRARA   STAGE. 

We  know  less  of  the  rocks  of  this  stage  than  any  other 
one  of  prominence  in  Wyoming.    This  is  due  to  the  nature  of 
the  strata,  which  in  the  southeastern  part  of  the  state  liavc 
near  their  base  a  thick  bed  of  yellowish-white  chalk.     This 
has  yielded  so  readily  to  erosion  that  it  is  seldom  seen  outcrop- 
ping.   For  miles  along  the  foot  of  a  mountain  range  the  chalk 
beds  have  been  entirely  covered  with  soil.     The  thickness*  of 
this  stage  approximates  2,000  feet.    When  the  chalk  beds  are 
exposed  it  can  be  considered  sufficient  evidence  of  the  srage, 
for  there  are  no  other  beds  of  chalk  known  in  Wyoming.    In 
the  Tertiaries  there  are  whitish,  soft  bands  that  have  been 
called  chalk,  such  as  the  many  chalk  bluffs,  hills  and  n-oun- 
tains ;  but  none  of  these  are  chalk  and  some  of  them  d.>  iim 
contain  anv  carbonate  of  lime.     Above  the  chalk  beds  the 
strata  are  clays  and  shales  chiefly,  with  a  few  bands  of  .-and- 
stone.     None  of  these  bands  contain  many   fossils,  and  all 
that  have  been  reported  are  invertebrates.     In  Kansas  ihey 
contain   great    swimming   Saurians    (Plesiosaurs  and   Moso- 
saurs)   and  also  early  birds  that  were  provided  with  toetb. 
So  far,  in  the  development  of  the  mineral  resources  of  the 
state,  nothing  of  economic  importance  has  been  discovered  in 
the  Niobrara.     There  are  a  few  beds  of  oil  sand,  and  these 
together  with  the  clays,  shales  and  chalk  beds,  will  prove  to 
be  of  value  in  the  future. 

This  stage  is  on  a  par  with  the  Fort  Benton,  so  far  as 
artesian  wells  are  concerned.  Good  water  will  be  found  in 
the  sandstones  and  chalks,  but  the  clavs  and  shales  cont<fin  a 
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vast  quantity  of  soluble  salts  that  will  render  the  water  unfit 
for  any  purpose.  While  flowing  wells  will  be  found,  the 
amount  of  water  from  any  of  the  bands  will  not  be  large. 

THE   ]?ORT    PIERRE    STAGE. 

This  is  the  thickest  formation  of  the  Rocky  Mountain 
Cretaceous,  having  a  maximum  thickness  of  over  7,000  feet. 
It  has  been  found  along  all  of  the  Wyoming  mountain  ranges. 
The  rocks  of  this  stage  are  chiefly  dark  colored  shales,  which 
contain  a  few  fossils,  especially  Baculites.  The  shales  are 
in  the  lower  half  of  the  series  and  gradually  change  toward 
the  top  to  bands  of  sandstone  and  clay.  Near  the  top  there 
are  several  bands  of  very  fossiliferous  sandstone.  Besides  the 
bands  of  sandstone  there  are  strata  made  up  of  concretions  of 
various  sizes,  ranging  from  a  few  inches  to  ten  feet  in  di- 
ameter. Some  of  these  concretions  have  been  formed  about  a 
mass  of  invertebrates  and  when  broken  open  contain  speci- 
mens that  have  retained  their  irridescent  luster  and  are  the 
most  beautiful  of  all  Cretaceous  fossils.  While  these  concre- 
tions can  be  considered  a  valuable  indication  of  the  Fort 
Pierre,  their  presence  can  not  be  taken  as  absolute  testimony, 
since  there  are  concretions  found  in  other  Cretaceous  stages. 
A  few  typical  fossils  associated  with  the  concretions  would 
furnish  ample  means  for  determining  this  stage. 

The  fossils  associated  with  the  Fort  Pierre  are  numerous. 
There  were  many  vertebrate  animals,  but  few  of  these  have 
been  found  in  Wyoming.  In  the  upper  bands  of  sandstone 
there  are  many  species  of  fossil  plants.  The  invertebrate  tos- 
sijs,  which  are  of  greatest  importance  in  identifying  these 
rocks,  are  species  of  BaculiteSj  Inoceramus. 

Economically  these  strata  are  of  considerable  importance. 
Petroleum  has  been  found  in  a  few  instances  and  probablv  the 
Salt  Creek  oil  occurs  in  this  stage.  Coal  has  also  been  re- 
ported, but  it  is  not  definitely  known  that  there  are  workable 
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CRETACEOUS. 
NIOBRARA  FOSSILS. 

[Explanation  of  Plate  VIII.] 

These  fossils  are  conditionally  referred  to  the  Niobrara 
stage.  Eventually  they  may  be  found  to  belong  in  part  to  the 
Fort  Benton. 

No.  I — Rostellites  ambigua,  Stanton. 
No.  2 — Avicula  gastrodes,  Meek. 
No.  3 — Ostrea  lugubris,  Conrad. 
No.  4 — Baculites  gracilis,  Schumard? 
No.  5 — Lunatia  concinna,  H.  &  M.  ? 
No.  6 — Neritina  pisum,  Meek. 
No.  7 — Corbula  sutrigonalis,  M.  &  H. 
No.  8 — Inoceramus  labiatus,  Schloth. 
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CRETACEOUS. 
SOME  FORT  PIERRE  FOSSILS. 

[Explanation  of  Plate  IX.] 

No.  I — Placenticeras  placenta,  var.  .,uercalaris,  M.  &  H. 
One- fourth  natural  size. 

No.  2 — Scaphites  nodosus,  var.  brevis,  M.  &.  H.  One- 
half  natural  size. 

No.    3 — Baculites  ovatus,  Say.    Much  reduced. 

No.  4 — Heteroceras  angulatum,  M.  &  H.  From  a  frag- 
ment.   One-half  natural  size. 

No.    5 — Pyrifusus  intertexus,  M.  &  H. 

No.    6—Dentalium  gracile,  M.  &  H. 

No.    7 — Anchuria  nebrascensis,  E.  &  S. 

No.    8 — Lucina  occidentalis,  Morton. 

No.   9 — Ostrea  patina,  M.  &  H. 

No.  lo — Anisomyon  borealis,  M.  &  H. 

No.  1 1 — Inoceramus  cripsi,  var.  barabini,  Morton. 
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veins.  Clay  beds  are  very  numerous,  and  all  grades  of  day 
are  found,  varying  from  that  used  for  common  brick  to  the 
best  fire-brick  clays. 

On  account  of  the  enormous  thickness  of  these  strata, 
the  formation  is  usually  found  in  broads  bands  at  the  foc't  of 
the  mountains.  The  sandstone  strata  alternating  with  bands 
of  clay  make  the  artesian  conditions  ideal,  but  the  pressure 
will  usually  be  found  to  be  very  slight.  For  this  reason  the 
Fort  Pierre  can  not  be  considered  as  an  important  artesian 
well  horizon.  Again,  the  quality  of  the  water  is  questionable. 
The  shales  contain  vast  quantities  of  soluble  salts  which  in 
many  instances  make  the  water  unfit  for  any  use.  Good  wa- 
ter usually  accompanies  the  sandstone  unless  found  in  the 
vicinity  of  coal  and  oil. 

Typical  Fort  Pierre  exposures  can  be  seen  north  of  Har- 
pers, in  Albany  county;  where  the  Cheyenne  and  Northern 
railroad  crosses  Horse  creek,  Laramie  county;  a  few  miles 
north  of  Ervay,  Natrona  county;  west  and  south  of  Lander, 
west  of  Bonanza,  and  between  Sheridan  and  the  Big  Horn 
mountains. 

THE  FOX   HILL  STAGE. 

The  Fox  Hill  and  Fort  Pierre  stages  are  often  combined 
imdcr  the  name  of  Montana,  but  since  these  stages  combined 
have  a  thickness  of  at  least  12.000  feet,  the  terms  Fox  Hills 
and  Fort  Pierre  include  too  great  a  thickness  for  a  single 
staj>-e  and  as  soon  as  they  are  thoroughly  known  they  will  be 
further  subdivided.  The  Fox  Hills  in  Wyoming  has  a  thick- 
ness of  5.000  feet,  and  probably  there  are  local  developments 
that  will  reach  6,000  feet.  The  strata  resemble  the  uppe 
portion  of  the  Fort  Pierre  and  are  mostly  bands  of  brown 
sandstone,  alternating  with  dark  clays  and  shales.  Usually 
there  are  a  few  hundred  feet  of  light  colored  sandstones  near 
the  base,  and  a  very  thick  band  of  brown  sandstone  capping 
the  formation.    The  sandstones  are  very  fossiliferous  and  con- 
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tain  remains  of  vertebrates,  invertebrates  and  plants.  It  was 
in  this  stage  that  the  Plesiosaurs  became  extinct.  The  fossil 
leaves  are  quite  remarkable.  In  the  white  sandstones  near 
Harpers  palm  leaves  have  been  discovered  that  have  a  diam- 
eter of  twentv  inches.  The  invertebrates  resemble  to  a  marked 
degree  the  Fort  Pierre,  but  there  is  a  sufficient  difference  to 
distinguish  one  stage  from  the  other.  The  most  common  ver- 
tebrate fossils  are  species  of  Baculites,  Inoceramus,  Ostrea, 
Anchiiria,  S  cap  kites.  Nautilus  and  Pectunculus, 

Economically  this  stage  produces  coal,  oil,  clay  and 
building  stone.  Very  valuable  coal  veins  occur  at  Kemmerer, 
Diamond ville  and  on  the  Laramie  Plains  and  at  several  other 
points.  Petroleum  has  been  foui)d  in  the  Fox  Hills  along  the 
Rattlesnake  mountains.  Typical  exposures  can  be  seen  at 
Harpers,  Kemmerer,  below  Bonanza,  above  Dayton,  sout«i  of 
Fort  Steele  and  at  the  southern  base  of  the  Seminoe  moun- 
tains. 

While  the  water  found  in  the  Fox  Hills  sandstones  is 
usually  superior  to  the  Fort  Pierre,  yet  it  is  not  ideal,  it  can 
be  relied  upon  as  a  water-bearing  formation,  but  wells  drilled 
in  these  strata  will  seldom  yield  a  large  supply  of  water.  The 
reason  for  this  is  the  same  as  given  in  the  Fort  Pierre — there 
is  little  or  no  head,  and  also  the  water  supply  is  very  limited 
on  account  of  the  distance  from  the  mountains  and  the  slight 
precipitation.  Wells  drilled  in  coal  and  oil  belts  may  be  con- 
sidered as  almost  worthless.  At  Almond  a  well  i,ooo  feet 
deep  produces  water  highly  charged  with  sulphuretted  hy- 
drogen. When  first  drawn  it  is  unbearable,  but  after  stand- 
ing it  is  used  for  domestic  purposes  and  also  largely  for  loco- 
motive work. 

THE  LARAMIE  STAGE. 

This  is  the  closing  stage  of  the  Cretaceous  period,  and  is 
also  the  great  coal  formation  of  the  Rocky  mountain  region. 
Owing  to  its  wide  distribution,  and  variations  lithologioally. 


Artesian  Basins  of  Wyoming,  159 


CRETACEOUS. 
SOME  FOX  HILLS  FOSSILS. 

[Explanation  of  Plate  X.] 

No.    I — Volsella  attenuata,  M.  &  H. 

No.    2 — Pteria  linguiformis-,  var.  subgibbosa,  M.  &  H. 

No.    3 — Nautilus. dekayi,  Morton. 

No.    4 — Goniomya  americana,  M.  &  H. 

No.    5 — Baculites  ovatus,  Say.    Much  reduced. 

No.    6 — Cinuli  concinanna,  H.  &  M. 

No.    7 — Vanikoropsis  tuomeyana,  M.  &  H. 

No.    8 — Fasciolaria  culbertsoni,  M.  &  H. 

No.    9 — Tancredia  americana,  M.  &  H. 

No.  lo — Inoceramus  cripsii,  var.  subcompressus,  M.  &  H. 

No.  II — Liopistha  (Cymella)  undata,  M.  &  H. 
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this  vast  accumulation  of  sediment,  which  is  about  one  mile 
in  thickness,  has  not  been  satisfactorily  subdivided  into  lesser 
divisions.  This  will  be  done  when  the  stage  has  been  thor- 
oughly worked  over.  At  present  it  will  be  sufficient  to  sug- 
gest that  there  are  upper  and  lower  divisions,  the  upper,  prob- 
ably equivalent  to  the  Fort  Union*  stage  of  early  writers,  con- 
taining the  lignite  coal  veins,  and  the  lower  containing  bitu- 
minous coal,  as  can  be  seen  at  the  coal  mines  at  Rock  Springs 
and  elsewhere.  The  strata  of  the  entire  stage  are  made  up 
of  sandstones,  clays,  shales  and  coal.  The  sandstones  are 
usually  friable,  often  thick  bedded,  and  vary  in  color  irom 
light  gray  to  dark  brown.  The  clays  are  in  great  variety  and 
are  usually  of  a  drab  color.    The  shales  are  soft  and  friable. 

Coal  seams  are  numerous,  and  in  some  localities  there  are 
not  less  than  lOO  veins  which  vary  in  thickness  from  a  few 
inches  to  lo,  20  and  40  feet.  At  Ham's  Fork,  Uinta  county, 
there  is  a  vein  of  coal  86  feet  thick  without  a  parting.  Usu- 
ally there  are  from  six  to  ten  workable  veins  in  a  field. 

These  rocks  were  deposited  in  fresh  and  brackish  water 
and  contain  an  abundance  of  fossils.  Usually  there  are  bands 
of  shale  or  shaley  sandstone  associated  with  the  coal  veins 
that  contain  vast  numbers  of  fossil  deciduous  leaves.  There 
are  also  strata  that  are  from  six  to  twelve  feet  in  thickness 
that  are  made  up  of  oyster  shells.  There  are  also  many  other 
invertebrate  fossils,  especially  many  species  of  Unio  (the  com- 
mon fresh  water  clam).  With  this  life  there  are  many  species 
of  land   vertebrates.     Chief  among  these   were   some   large 

*Many  geologists  will  object  to  my  placing  the  Fort  Union  beds  in  the  Laramie.  They 
were  so  considered  by  many  of  the  early  geologists,  who  have  had  an  opportunity  to  itaiiy 
the  Fort  Union  formation  in  the  field  as  well  as  to  study  the  fossil  remains.  The  paie> 
botanists  have  practically  agreed  that  this  formation  i^  Eocene.  I  should  like  to  see  a  con- 
sensus of  opinions  from  all  branches  of  paleontology,  before  this  formation  is  finally  consid- 
ered to  belong  to  the  Cenozoic  era.  One  point  worthy  of  consideration  in  connection  vith 
this  problem  is  the  fact  that,  thus  far  in  the  study  of  this  formation,  tio  one  ha.s  reported  a 
mammalian  fauna.  It  would  seem  that  if  snch  exists  there  has  already  b«en  saflliciefit 
field  work  done  to  discover  it.  If  it  ever  existed  during  the  deposition  of  the  Fon  Union 
sediments,  there  is  no  reason  why  some  of  the  remains  should  not  be  present,  for  these  bed* 
are  as  favorable  to  the  preservation  of  fossil  remains  as  any  other  formation  in  the  w»:. 
The  presence  of  both  plant  and  invertebrate  remains  is  ample  evidence  on  thi<  poic!. 
Without  the  presence  of  a  mammalian  fauna,  I  would  prefer  to  consider  the  Fort  Union  the 
highest  member  of  the  Cretaceous. 
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Dinosaurs.  The  largest  one  was  much  larger  than  an  ele- 
phant and  had  a  large  head  provided  with  three  horns.  These 
horns  were  located  above  the  eyes  arid  on  the  end  of  the  nose. 
The  remains  of  this  huge  creature  have  been  found  in  great 
abundance  in  Converse  county.  There  were  also  several  other 
kinds  of  Dinosaurs  living  at  this  time,  but  they  all  becamft  ex- 
tinct at  the  close  of  the  Laramie.  There  were  also  many  spe- 
cies of  verv  small  mammals. 

The  Laramie  formation  is  found  in  every  county  in  Wyo- 
ming. The  towns  of  Sheridan,  Buffalo,  Douglas,  Glenrock, 
Carbon,  Hanna,  Black  Buttes,  Rock  Springs  and  Meeteetse 
are  located  on  these  rocks.  From  Douglas  one  can  go  north 
to  the  Montana  line  and  walk  all  the  way  on  the  Laramie 
coal  measures.  They  cover  nearly  all  of  the  Powder  River 
valley,  extending  westward  to  the  Big  Horn  mountains.  The 
most  of  the  jcoal  mined  in  Wyoming  comes  from  the  Laramie 
rocks;  in  fact,  they  cover  or  extend  beneath  one-half  of  this 
state.  At  the  close  of  this  stage  the  Rocky  mountains  were 
made.  Prior  to  this  period  Wyoming  had  been  either  a  sea  or 
a  low  land  mass  for  geological  ages;  now  these  rocks  were 
folded  by  lateral  pressure  and  the  folds  soon  emerged  into  long 
ranges  like  the  Big  Hom,Wind  River  and  Medicine  Bow  moun- 
tains. The  mountain-making  caused  many  changes.  The  low 
swamps  of  the  Laramie  were  converted  into  broad  valleys  and 
high  mountain  ranges.  This  change  was  sufficient  to  cause 
the  disappearance  of  nearly  all  of  the  forms  of  life  that  in- 
habited Wyoming  during  the  Laramie  stage.  It  also  caused 
a  marked  change  in  the  climate,  which  affected  the  life  and 
formed  such  basins  as  the  Green  River  and  Big  Horn,  which 
were  cut  off  from  the  sea  and  which  were,  in  the  following 
stage,  large  fresh  water  lakes.  The  Laramie  not  only  marks 
the  closing  of  the  Cretaceous  system  but  also  of  the  Mesozoic 
era. 

This  formation  is  also  the  last  one  in  the  ascending  geo- 
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CRETACEOUS. 
SOME  LARAMIE  FOSSIL  PLANTS. 

[Explanation  of  Plate  XL] 

No.  I — Quercus  drymeja,  Ung. 
'  No.  2 — Eucalyptus  haeringiana,f  Ett. 
No.  3 — Ficus  lanceolata,  Heer. 
No.  4 — Sequoia  biformis,  Lesqx. 
No.  5 — Cinnamomum  afHne,  Lesqx. 
No.  6 — Apeibopsis  discolor,  Lesqx. 
No.  7 — Cillicoma  microphylla?  Ett. 
No.  8 — Salix  angusta,  Al.  Br. 


PLATE  XII. 
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SOME  TYPICAL  F088IL8  FROM  THE  LARAMIE  STAGE. 

[Explanati^ii  of  Plate  XII.] 

No.    I — Ostrea  glabra,  M.  &  H. 
No.  10 — Ostrea  glabra,  interior  view. 
No.    2 — Corbula  subtrigonalis,  M.  &  H. 
No.    3 — Bulinus  atavus.  White. 
No.   4 — Viviparus  cousi.  White. 
No.    5 — Volsella  regularis.  White. 
No.    6 — Unio  danae,  M.  &  H. 
No.    7 — Corbula  cleburni.  White. 
No.  ya — Corbula  cleburni,  interior  view. 

Note. — No.  4  on  the  opposite  plate  is  in  ali  probability  a  species 
of  fresh  water  mollusk  that  belongs  to  the  Bear  River  stage,  but 
has  often  been  referred  to  the  Laramie.  It  was  a  mistake  in  plac- 
ing it  with  the  typical  Laramie  fossils,  and  should  be  eliminated. 
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logical  scale  in  which  artesian  wells  may  be  looked  for,  and 
in  this  the  conditions  are  not  favorable  for  important  wells  or 
for  good  water.  Generally  speaking,  the  base  of  the  Laramie 
strata  is  a  considerable  distance  from  the  mountains  and  the 
water  supply  is  very  limited.  The  dip  of  the  formation  along 
most  of  the  ranges  is  slight,  and  there  is  not  sufficient  eleva- 
tion of  the  lower  bands  to  produce  very  much  pressure.  On 
account  of  the  coal,  all  of  the  water  coming  in  contact  with 
coal  veins  is  very  poor.  It  is  unfit  for  man  or  beast  and  is 
very  often  so  charged  with  salts  of  soda  and  magnesium  as 
to  render  it  imfit  for  irrigation.  Small  flowing  wells  will  be 
found  about  nearly  all  of  the  basins.  Already  wells  have  been 
drilled  in  the  Laramie  at  numerous  places  and  there  are  flow- 
ing wells  at  Rock  Springs  and  Buffalo.  The  water  at  Buffalo 
is  very  good  and  at  Rock  Springs  very  poor. 


Cenozoic  Era. 


After  the  completion  of  the  Rocky  Mountain  uplift,  and 
when  the  ranges  were  covered  with  sedimentary  rock  to  a 
thickness  varying  from  10,000  to  25,000  feet,  the  Cenozoic  era 
dawned.  The  changes  wrought  since  the  commencemeni  of 
mountain  making  were  so  vast  that  neither  land  nor  sea  co'"re- 
sponded  in  any  way  to  the  previous  condition.  The  life  also 
changed  so  as  to  form  a  great  break  in  its  development.  This 
break  has  not  been,  and  possibly  may  never  be,  accounted  for. 
The  Mesozoic  was  the  age  of  reptiles,  but  there  are  compara- 
tively few  found  in  the  Cenozoic,  and  mammals  replace  Liiem. 
The  largest  mammal  known  in  the  Cretaceous  was  not  larger 
than  a  rat,  but  in  the  Cenozoic  basins,  at  the  very  bottom  of 
the  strata,  are  found  large  mammals,  and  in  the  Eocene  period 
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they  are  found  of  elephantine  size.  The  Cenozoic  has  fieen, 
and  probably  always  will  be,  known  as  the  age  of  mammals. 
In  these  strata  are  found  the  ancestral  types  of  our  modem 
animals,  such  as  the  horse,  wolves,  camels,  cats,  deer,  rhi- 
noceros and  monkeys,  together  with  a  wonderful  fauna  that 
has  long  been  extinct.  In  Wyoming,  the  early  Cenozoic  for- 
mations are  confined  to  the  basins  that  were  made  by  the 
great  folds  which  produced  the  mountains,  such  as  the  Big 
Horn,  Wind  River  and  Owl  Creek  ranges.  Later  these  be- 
come dry  and  the  Cenozoic  fresh  water  lakes  extend  from  the 
Laramie  mountains  eastward  into  Nebraska  and  Dakota.  The 
sediment  deposited  was  largely  clay,  sand  and  shale,  which 
seldom  formed  a  hard  rock.  Since  these  beds  were  deposited 
after  the  mountain  making,  they  are  unconformable  with  the 
Mesozoic,  the  Mesozoic  usually  dipping  from  lo  to  80  degrees 
and  the  Cenozoic  lying  nearly  horizontal  upon  the  upturned 
edges.  This  great  unconformability  is  the  only  very  marked 
one  in  the  Rocky  Mountain  geology  above  the  great  uncon- 
formability between  the  Algonkian  and  Cambrian,  and  in  all 
cases  will  serve  as  a  guide  to  separate  the  rocks  of  the  Ceno- 
zoic and  Mesozoic  eras. 

Another  characteristic  feature  is  the  almost  universal 
"bad  land"  topography,  typical  examples  of  which  can  be  seen 
in  Goshen  Hole,  Bates  Hole,  Big  Horn  Basin,  Green  River 
Basin  and  north  of  the  Rattlesnake  range.  The  "bad  lands" 
are  usually  sections  almost  devoid  of  vegetation,  with  narrow, 
deep  gulches,  which  are  often  small  canons,  bounded  by  great 
walls  that  are  nearly  vertical,  and  culminating  in  tower  and 
castle-like  formations.  Now  and  then  these  castellated  ter- 
races merge  into  imaginary  crumbling  cities  and  villages  and 
make  some  of  the  most  fascinating  scenery  in  the  state.  There 
are  also  many  places  where  the  water  has  burst  forth  from 
the  base  of  a  high  bluff  and  caused  a  great  cavern  leading 
backwards  and  upwards  to  open  into  the  soft  rock  to  the  sur- 
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face.  These  caverns  are  sometimes  two  or  three  hundred 
feet  in  length  and  are  large  enough  to  admit  a  man.  They  arc 
caused  by  the  water  settling  on  the  surface  and  coming  in 
contact  with  the  sandy  formation,  causing  it  to  flow  like  a 
stream  of  very  soft  mud. 

Following  the  Tertiary  period  of  the  Cenozoic  was  the 
Pleistocene,  in  which  great  changes  were  wrought.  The  cli- 
mate of  North  America,  as  well  as  of  the  Orient,  suddenly 
changed,  and  great  ice  sheets  commenced  to  accumulate  in 
the  north  and  move  southward.  This  was  the  glacial  period, 
and  the  ice  sheet  extended  as  far  south  in  the  eastern  part  of 
the  United  States,  as  the  Ohio  river,  but  not  nearly  so  far  in 
the  west.  These  conditions  changed  everything.  The  animal 
life  that  could  not  or  did  not  migrate  became  extinct.  The 
flora  and  fauna  disappeared.  Following  this  period  of  devas- 
tation was  one  of  the  retreat  of  the  glaciers  and  the  estab- 
lishment of  modem  conditions. 

The  Cenozoic  formations  do  not  enter  into  any  of  the 
artesian  basins  of  the  state  as  important  factors;  but  skgiit 
flows  of  water  may  be  found  in  them.  In  many  instances  Ter- 
tiary rocks  have  completely  covered  thousands  of  square 
miles  of  earlier  strata,  which  otherwise  would  have  been  pro- 
ductive territory.  In  a  few  places  it  will  be  found  advisable 
to  pierce  the  Tertiary  where  it  is  thin  and  secure  artesian  wa- 
ter in  the  earlier  rocks.  For  example,  along  the  south  side 
of  the  Big  Horn  range,  near  Lost  Cabin,  near  Oregon  Buttcs 
and  in  Goshen  Hole. 
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THE  TERTIARY  PERIOD. 

CLASSIFICATION  OF    WYOMING  TERTIARY. 

Thickness  of  stages 
in  feet. 
Pliocene? 

Miocene  . .  \  Loup  Fork 500 

Tkrtiarv  yOligocene.  ^  White  River 1500? 

1ERTIARY.<  !    j^^dger I5OO? 

Eocene  . . .  -j  Green  River looo 

(  Wasatch looo 

The  Eocene  formations  of  Wyoming  are  confined  chiefly 
to  the  Green  River,  the  Wind  River  and  Big  Horn  basins, 
which  were  fresh  water  lakes  during  the  early  and  middle 
Eocene  stages.  While  these  lakes  were  in  existence  there 
were  Tertiary  Eocene  seas  in  which  sediments  were  being  de- 
posited, along  the  southeastern  coast  of  the  United  States  and 
also  along  the  Pacific  Coast  region,  as  well  as  at  numerous 
other  places  in  the  world.  The  earliest  stage  of  the  Eocene 
which  occurs,  so  far  as  known,  has  been  found  only  in  New 
Mexico,  and  is  called  the  Puerco. 

THE    W'ASATCH    STAGE. 

In  Wyoming  the  Wasatch  is  the  earliest  representative 
of  the  Eocene  and  is  composed  of  variegated  beds  of  clay 
and  sand  with  occasional  bands  of  sandstone.  The  clays  are 
of  a  dark  red,  shading  into  pink,  and  in  places  yellow  and 
brown.  The  sands  are  light  colored  and  so  soft  that  a  rain 
storm  will  cause  them  to  run  like  a  stream  of  water.  This  is 
the  lowest  Tertiary  formation  of  both  the  Green  River  and 
Big  Horn  basins,  and  has  a  thickness  of  about  i,ooo  feet.  Es- 
timates have  been  made  that  placed  the  thickness  of  the  Wa- 
satch at  from  3,000  to  4,000  feet,  but  I  have  been  unable  to 
confirm  these.  This  stage  is  characterized  by  the  remains  of 
niany  turtles,  crocodiles  and  mammals.     Some  of  the  latter 

were  very  large,  almost  of  elephantine  size,  but  a  description 
-(12) 
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in  a  brief  way  would  draw  out  this  section  to  an  unreasonable 
length,  since  mammals  were  the  dominant  life. 

THE  GREEN  RIVER  STAGE. 

The  Green  River  rocks  differ  entirely  from  the  Wasatch, 
and  they  also  differ  in  the  kinds  of  fossils  found.     A  t>T)ical 
section  of  the  Green  River  stage  is  exposed  at  Green  River, 
on  the  Union  Pacific  railroad.    The  rocks  are  shales  or  shaley 
sandstones  capped   with   a  thick  band  of  brown    sandstone. 
The  shales  are  mostly  bituminous,  and  there  are  bands  that 
contain  as  high  as  45  per  cent  of  gas  and  oil.    In  many  iu:ali- 
ties  the  shales  are  found  in  very  thin  layers,  and  the  bedding 
has  been  so  perfect  that  they  separate  into  large  plates  that 
are  from  a  quarter  of  an  inch  to  an  inch  in  thickness.    The 
surfaces  of  these  plates  are  so  smooth  that  they  may  some  day 
be  of  commercial  importance.     The  thickness  of  this  siries 
has  also  been  greatly  overestimated  by  early  geologists,  and 
it  is  more  than  likely  that  it  does  not  attain  a  thickness  at  any 
place  of  over  1,000  feet.     Besides  being  made  up  of  shales, 
they  also  have  many  other  peculiarities  that  will  aid  in  identi- 
fying them.     These  shale  beds  contain  many  petrified  fish, 
which  are  so  perfect  and  remarkable  that  they  are  known  the 
world  over.    The  fish  are  closelv  related  to  the  modem  forms 
and  vary  in  size  from  a  few  inches  in  length  to  five  and  a  half 
feet,  and  when  taken  out  and  properly  cleaned,  the  remains 
are  a  mahogany  color  set  upon  a  slab  of  creamy  w^hite  shale. 
Besides  the   fish  there  are  found  insects,  birds,   leaves  and 
crocodiles. 

It  is  worthy  of  special  note  that  no  mammalian  remain 
have  ever  been  discovered  in  this  formation. 

THE  BRIDGER  STAGE. 

The  Bridger  stage  rests  upon  the  Green  River  shale  and 
the  strata  are  variegated  clays,  sands  and  sandstones.    The 


\ 


Artesian  B<Mins  of  Wyoming.  171 

clays  near  the  base  of  the  stage  are  a  vermillion  red  and  shade 
into  or  alternate  with  lighter  colored  bands.  Toward  the  top 
the  rocks  change  into  bands  of  sandstone  and  clays  and  often 
quite  thick  beds  of  breccias  and  conglomerates.  It  exceeds 
either  of  the  previous  stages  in  thickness,  but  absolute  meas- 
urements are  not  at  hand.  The  greatest  area  of  Bridger  is  in 
southwestern  Wyoming,  but  there  are  important  escarpments 
in  the  Wind  River  basin  and  Red  desert. 

The  fossils  consist  of  a  few  fresh-water  invertebrates, 
and  monkeys,  carnivors,  insectivors,  ungulates,  rodents,  birds, 
turtles,  snakes,  crocodiles  and  some  large  types  of  mammal 
life. 

The  Bridger  represents  the  closing  stage  of  the  Eocene 
in  Wyoming,  but  to  the  southward  and  across  the  L-mta 
mountains  there  is  yet  another  stage  known  as  the  Uinta, 
which  represents  the  highest  horizon  of  the  Eocene  in  the 
mountain  region.  This  group  might  have  covered  a  poition 
of  southwestern  Wyoming  during  the  Miocene  and  Pliocene 
times,  but  was  too  soft  to  withstand  the  great  erosion.  At 
the  close  of  the  Eocene  the  basins  in  which  the  sediment  had 
been  accumulating  drained,  the  Green  river  draining  the 
southern  basin  and  the  Big  Horn  draining  the  Big  Horn  and 
Wind  River  basins. 

OLIGOCENE   STAGE. 

There  was,  however,  a  great  fresh  water  lake  b*'mg 
formed  to  the  eastward  of  the  Laramie  mountains  and  the 
Black  Hills,  and  in  this  sediment  continued  to  form. 

The  lowest  stage  of  this  lake  is  known  as  the  Oligocene, 
and  beds  are  usually  called  the  White  River  formation.  They 
are  largely  clays  and  sands  and  weather  into  the  typical  'bad 
lands."  There  are  only  slight  exposures  of  the  Oligocene  in 
Wyoming,  since  the  strata  have  been  covered  with  Miocene, 
and  unless  this  covering  has  been  removed  the  only  exposures 
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are  found  at  the  base  of  the  Miocene  bluffs,  where  the  Oli- 
gocene  rests  upon  the  Cretaceous.  The  best  exposures  are 
found  in  Converse  county,  along  the  tributaries  of  the  Chey- 
*  cnne  river,  and  in  Bates  Hole.  The  beds  vary  in  thickness 
from  300  to  500  or  more  feet.  In  other  localities  there  are 
nimierous  invertebrate  fossils  and  also  a  flora,  but  in  Wyo- 
ming these  are  absent.  The  life  found  in  the  Oligocene  in 
this  state  is  chieflv  mammalian.  There  were  also  numerous 
turtles  and  a  few  crocodiles.  Carnivorous  animals  were  nu- 
merous and  were  represented  by  several  types,  especially  cats. 
The  three-toed  horses  were  common.  There  were  manv  ani- 
mals  that  belong  to  the  rodents  (gnawing  animals).  The 
largest  animal  was  the  huge  Titanotherium,  which  was  herb- 
ivorous and  nearly  as  large  as  an  elephant. 

THS  MIOCENE  STAGE. 

The  Oligocene  and  Miocene  were  practically  deposited 
in  the  same  basin,  the  Miocene  representing  the  last  stage  in 
the  history  of  the  great  fresh  lake.  The  Miocene  rocks  are 
chiefly  light  colored  and  in  southeastern  Wyoming  they  are 
capped  with  a  thick  bed  of  conglomerate  which  extends  east- 
ward into  Nebraska.  The  strata  are  quite  soft  and  easily 
eroded  into  picturesque  columns  and  spires,  which  are  so  well 
developed  in  the  "band  lands."  The  Miocene  rocks  have  their 
greatest  development  east  of  the  Laramie  mountains,  vvhere 
they  approximate  1,500  feet  in  thickness.  They  are  also  known 
in  the  Yellowstone  park  and  in  the  Saratoga  valley. 

Life  was  very  abundant.  In  the  Yellowstone  park  a  large 
flora  has  been  discovered  that  is  very  much  like  the  plants 
of  today.  Deciduous  trees  were  numerous.  Among  the  mam- 
mals which  were  very  common  were  wolves  and  tigers  of 
ver\'  ferocious  types,  camels,  horses,  mastodons,  elephants 
(primitive),  and  rhinoceroses,  the  remains  of  which  are  com- 
mon in  the  Wyoming  formation. 
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the;  pliocene  stage. 

This  epoch  is ,  in  all  probability  absent  in  Wyoming. 
Earlv  writers  referred  the  beds  east  of  the  Laramie  mountains 
to  Pliocene,  but  it  is  definitely  known  that  these  are  Miocene. 

This  was  the  culminating  epoch  of  the  Tertiary  and  prac- 
tically introduced  the  types  of  animals  that  we  are  familiar 
with  today. 


THE  PLEISTOCENE  PERIOD. 

The  Pleistocene  or  Quarternary  represents  recent  geo- 
logical time.  Man  was  probably  bom  on  earth  at  the  com- 
mencement of  this  period.  The  interior  fresh  water  lakes  had 
been  drained  and  elevated  during  the  Pliocene  epoch,  and 
Wyoming  was  no  longer  composed  of  high  mountain  ranges 
separated  by  beautiful  fresh- water  lakes,  about  which  were 
magnificent  forests  that  were  swarming  with  the  greatest  va- 
riety of  mammalian  life.  Conditions  changed  when  the  whole 
state  was  elevated  some  three  or  four  thousand  feet,  which 
caused  it  to  become  an  arid  plateau.  Our  mountain  ranges 
were  very  different  from  what  they  are  today,  since  ihey  were 
very  much  higher,  probably  over  5,000  feet  above  the  present 
elevations.  The  valleys  were  also  higher  and  the  great  deep 
canons  had  not  been  hewn  out  of  rock. 

The  commencement  of  the  Pleistocene  was  marked  by  the 
glaciation  of  the  greater  part  of  North  America,  the  great  ice 
sheet  extending  down  to  the  Ohio  river  and  as  far  west  as 
eastern  Kansas;  thence  northwest  to  British  America.  In 
Wyoming  glaciers  existed  at  the  same  time,  but  they  were  of 
the  Alpine  type  and  did  not  move  down  the  mountain  slopes 
and  fill  the  large  valleys.  Glaciers  were  numerous  in  the 
Wind  River  mountains,  the  Yellowstone  park,  the  Absaroka, 
the  Shoshone  mountains,  the  Big  Horn  and  Medicine  Bow 
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mountains.  Glaciers  also  reached  the  Wyoming  line  from  the 
Uinta  mountains,  in  the  southwestern  part  of  the  state.  'At 
present  there  are  a  few  small  remnants  of  these  glaciers  in 
our  highest  mountains.  The  glacial  period  comprised  many 
intervals  in  the  eastern  part  of  the  country,  but  no  divisions 
have  been  discovered  in  Wyoming.  .The  first  stage  of  the 
Pleistocene  was  one  of  grinding  down  the  high  mountain 
ranges,  of  leveling  rough  country,  and  the  second  of  covering 
the  rocks  with  soil,  and  later  by  establishing  perfect  drainage 
systems  and  perfecting  climatic  conditions,  which  was  prepar- 
ing it  for  the  use  of  man.  During  the  first  part  of  this  period 
the  hairy  mammoth  and  mastodon  lived,  and  with  them 
horses,  bison,  bears,  wolves,  tigers  and  numerous  other  ani- 
mals. Not  many  of  the  early  Pleistocene  animals  have  been 
found  in  Wyoming,  but  no  doubt  there  are  vast  fields  that  will 
yet  reward  the  persevering  scientist.  The  remains  of  ele- 
phants have  already  been  discovered  and  in  some  of  the  caves 
numerous  animals  will  probably  be  found  that  belong  to  this 
very  period. 

This  terminates  the  geological  sketch.  It  has  been  ex- 
ceedingly brief,  but  it  is  hoped  that  enough  has  been  said  to 
enable  the  citizens  of  this  state  to  decipher,  in  part  at  least, 
the  geology  about  their  own  homes  and  to  utilize  this  inform- 
ation in  studying  the  questions  pertaining  to  artesian  basins. 

There  is  one  other  matter  that  should  be  referred  to.  The 
lessons  taught  in  the  study  of  geology  are  indeed  many  and 
as  a  rule  they  present  many  interesting  phases.  In  reading  or 
studying  geology,  consider  these  few  points  at  least. 

This  world  of  ours  has  not  always  existed ;  that  it  has  in 
some  very  remote  age  been  created.  That  originally  there 
was  no  life  on  this  sphere— that  life  was  born  and  at  the  first 
it  was  extremely  simple;  but  as  geological  ages  rolled  by  it 
became  more  and  more  complicated  until  finally  man  appeared 
as  the  culminating  event. 
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The  subject  of  historical  geology  deals  with  the  develop- 
ment of  life  as  the  records  are  found  in  the  rocks.  In  fact,  it 
is  the  history  of  the  world's  development.  The  history  had 
for  its  author  the  Creator  and  Ruler  of  this  universe — a  his- 
tory written  by  God  Himself,  undefiled  and  undefilabic  by 
man. 

To  those  who  are  interested  in  the  study  of  geolog^v  and 
wish  to  perfect  themselves  in  the  science,  I  respectfully  refer 
them  to  the  text-books  published  by  Dana,  LeConte  and 
Scott. 
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Water-Bearing  Zones. 

All  formations  have  water-bearing  zones  under  favorable 
conditions.     Drill  a  well  where  one  will,  and  at  some  depth 
water  will  be  found.    The  water  zones  that  are  to  be  discussed 
under  this  head  are  the  favorable  formations  in  the  artesian 
basins  of  Wyoming.     Sometimes  a  whole  formation  contains 
water,  while  on  the  other  hand  only  a  single  band  may  be 
productive.     Porous  rocks  of  any  kind  between  two  imper- 
vious strata  form  the  ideal  condition,  hence  sandstones  are 
often  known  as  water-bearing  rocks.    Besides  being  porous,  it 
is  necessary  for  the  stratum  to  have  a  greater  water  supply 
than  the  rainfall  furnishes,  in  the  arid  regions,  before  it  can 
be  worthy  of  consideration      In  an  artesian  basin  there  are 
two  principal  ways  in  which  the  stratum  may  gather  a  water 
supply.    The  most  important  sources  are  found  high  up  along 
the  ranges,  where  the  precipitation  is  much  in  excess  of  that 
of  the  valleys,  and  where  the  melting  snows  constantly  feed 
the  stratum  so  long  as  the  snow  lasts.    The  elevation  of  the 
stratum  not  only  provides  it  with  a  supply  of  water,  but  also 
furnishes  hydrostatic  pressure  for  the  wells  to  be  drilled  along 
the  foot  of  the  mountain  or  in  the  valley.    A  second  source  is 
from  the  streams  that  cross  the  upturned  strata.    In  mam  in- 
stances we  will  find  a  good-sized  brook  in  the  granitic  areas, 
but  by  the  time  the  stream  has  passed  oner  a  few  hundred 
rods  of  sedimentary  rocks,  on  edge  or  nearly  so,  the  volume 
will  be  found  greatly  diminished  and  sometimes  it  entirely 
disappears.     On  account  of  these  conditions  the  most  favora- 
ble water-bearing  zones  will  be  found  in  the  formations  that 
extend    highest    up    along   the    mountain    slope,   unless    the 
rocks  are  faulted  or  so  eroded  as  to  allow  the  water  to  escape 
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near  the  base  of  the  mountain  and  prevent  storage.  There  are 
also  other  considerations  to  be  taken  into  account  that  pertain 
to  the  water  zones.  It  is  not  simply  water  that  is  needed, 
but  it  must  be  sufficiently  pure  to  be  utilized  for  town,  stock 
and  irrigation.  In  order  to  meet  these  requirements  it  must 
not  contain  much  mineral  and  be  comparatively  free  from  sul- 
phur and  entirely  devoid  of  petroleum.  All  of  these  are  asso- 
ciated with  wells  and  springs  in  Wyoming.  A  well  at  Green 
River  contains  24  per  cent  of  sal  soda ;  a  spring  near  Beaver 
oil  basin  contains  10  per  cent  of  sal  soda;  a  well  on  Twin 
creek  flows  oil  and  sulphur  water,  and  many  wells  at  ranches 
all  over  the  state  have  had  to  be  abandoned  on  account  of  the 
salts  of  soda  and  magnesium.  There  are  a  few  general  rules 
that  can  be  applied  to  the  water-bearing  rocks  of  Wyoming. 
The  Paleozoic*  rocks  contain  the  purest  water,  and  it  is  always 
good  unless  found  in  the  regions  where  petroleum  occurs,  or 
occasionally  contains  a  little  common  salt  The  water  is  usually 
hard,  since  it  contains  considerable  lime.  The  Paleozoic  is  also 
the  most  desirable  since  it  will  be  found  to  furnish  the  'arg- 
est  flows.  In  the  Mesozoic,  waters  usually  carry  large  ;.er- 
centages  of  salts,  especially  .sulphates  of  sodium,  calcium  and 
magnesium.  Wells  drilled  at  random  in  these  rocks  vvil'  as 
a  rule  contain  inferior  water  and  in  many  cases  it  will  be 
found  unfit  for  anv  use.  The  choicest  bands  in  the  Mesozoic 
are  Triassic  and  the  Dakota  of  the  Cretaceous.  The  Triassic 
yields  poor  water  for  household  purposes  when  the  well  re- 
ceives a  water  supply  from  a  gypsum  bed,  but  it  is  in  no  way 
detrimental  for  irrigation.  Occasionally  a  flow  of  salt  water 
is  encountered  in  the  Dakota.  Above  the  Dakota  the  chances 
to  secure  good  water  diminish,  and  anyone  drilling  in  any  of 
the  Cretaceous  rocks  from  the  Benton  up  should  consider  that 
the  chances  to  secure  poor  water  are  greater  than  those  to  se- 
cure good.    Especially  is  this  applicable  to  coal  regions.    There 


^Earlier  rocks  are  not  considered  under  this  head. 
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is,  however,  most  excellent  water  to  be  found  in  the  thick  bea- 
ded sandstone  strata  of  all  of  the  stag;es.  None  of  these  zones 
will,  however,  compare  in  importance  with  the  Paleozoic, 
since  the  outcrop  is  usually  along  the  foot  of  the  mo'.mtain 
and  in  many  instances  miles  away  from  the  range.  This  not 
only  lessens  the  pressure  of  the  water-bearing  zones,  but  on 
account  of  the  slight  rainfall  the  water  supply  is  also  very 
limited.  Occasionally  the  diminution  in  the  water  suppU  may 
be  augmented  by  some  of  the  streams  issuing  from  the  canons. 
There  is  a  general  rule  to  follow  when  considering  the  produc- 
tion of  the  various  water-producing  bands.  Cambrian  can  be 
considered  of  greatest  importance  and  from  these  beds  the 
quantity  will  gradually  diminish  as  one  rises  in  the  ge"i(^- 

A    Tablt  Shmi'ing  the  Cheniical  Analyses  of  Watrr 
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cal  scale.  Under  this  rule  it  is  understood  that  wells  are  to 
xbe  drilled  near  the  base  of  the  mountains.  In  the  same  way 
one  can  estimate  the  nature  of  the  water,  the  best  being  found 
in  the  Archaean  and  up  to  the  close  of  the  Paleozoic.  Com- 
mencing with  the  Mesozoic,  we  know  very  little  about  the  dis- 
tribution or  chemical  character.  The  information  that  has 
thus  far  been  obtained  would  not  make  a  general  rule  possible. 
It  is  not  always  necesarv  to  drill  a  well  to  locate  a  water 
horizon.  Along  the  mountain  slopes  these  are  often  indicated 
by  springs.  Along  the  Wind  River  and  Big  Horn  mountains, 
springs  are  numerous  in  the  Paleozoic  rocks.  It  often  hap- 
pens that  a  spring  has  its  source  in  a  fault,  so  that  the  mere 
fact  that  water  appeared  at  the  surface  in  any  paiticular  band 

from   Various  Geological  Formations   in    H^yoming. 
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would  not  b^  sufficient  evidence  to  warrant  anyone  in  caiiing 
it  a  water-bearing  zone.  Below  the  mountain  slopes  the  Tri- 
assic  red  sanstones  and  the  Dakota  sandstones  usually  have 
springs  accompanying  them. 

The  Cenozoic  will  not  be  considered  under  this  head» 
since  few  if  anv  artesian  wells  will  be    found  in  these  locks. 

m 

So  far  as  investigation  has  gone,  the  Tertiary  waters  are 
generally  impregnated  with  sodium  carbonate  and  sulphate, 
which  has  been  found  so  plentiful  as  to  render  them  useless 
for  any  purpose  unless  it  be  for  the  manufacture  of  soda. 

The  following  table  will  give  some  information  as  to  the 
general  nature  of  water  that  may  be  found  in  the  various  ge- 
ological horizons: 

Miocene. — As  a  rule  the  water  is  very  good.  (In  Da- 
kota this  formation  yields  very  poor  water). 

OligocenE. — Water  contains  .soda  salts  and  magii/siura 
generally;   but  good  water  is  found  occasionally. 

Eocene. — ^\'ery  inferior  water,  salts  of  soda  bein.rr  the 
most  common ;   water  often  alkaline. 

Laramie. — Water  very  poor,  but  often  good  for  nriga- 
tion.  Sulphur  water  common,  also  salts  of  soda,  lime  and 
magnesium.  Occasionally  good  water  in  thick  bands  of  sand- 
stone. 

Fox  HiL[-s. — Both  good  and  bad  water,  about  eqi^ailv 
divided. 

Fort  Pierre. — Very  poor  water  as  a  rule. 

Niobrara. — Good  water  is  found  in  the  chalks:  other- 
wise inferior. 

Fort  Benton.— Usually  inferior  water. 

Dakota. — Excellent  water  in  the  sandstones,  usually 
quite  soft.  Sometimes  brackish.  In  the  oil  fields  usually 
sulfurous  and  otherwise  disagreeable. 

Jurassic. — Usually  very  poor;  a  few  bands  of  sandstone 
furnish  fair  water. 


Artesian  Basins  of  Wyoming.  183 

Triassic. — ^Excellent  water  except  in  connection  with 
the  beds  of  gypsum. 

PERMIAN  AND  CARBONIFEROUS. — Excellent  hard  water, 
except  in  the  oil  districts.    Brackish  water  found  at  Raw 'ins. 

Devonian. —  ? 

Ordovician. — Excellent  hard  water. 

Cambrian. — Excellent  water.  Near  the  base  of  the  beds 
usually  quite  soft. 

Algonkian. — ^Very  good  water  except  in  mineralized 
districts.  Where  the  water  comes  from  any  great  depth  it 
contains  various  salts, 

Arch.^an — The  purest  water  found  in  the  state  except 
in  mineralized  districts. 
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Artesian  Wells. 


The  name  artesian,  as  applied  to  wells  today,  was  derived 
from  the  name  of  French  province  Artois,  where  welis  of  this 
nature  first  became  famous.  In  reality,  the  artesian  well  is 
not  a  modem  discovery,  for  in  the  old  Carthusian  convent  at 
Lillers  there  is  a  well  that  has  flowed  a  constant  stream  since 
the  twelfth  century.  There  are  other  data  which  antedates 
this,  and  it  is  probable  that  flowing  wells  were  known  to  the 
Chinese  and  Egyptians  as  early  as  the  Christian  era. 

Originally  the  word  artesian  meant  flowing  wells  only; 
but  the  meaning  has  been  so  broadened  in  the  United  States 
that  it  includes  flowing  wells,  wells  in  which  the  water  rises 
nearly  to  the  surface,  and  also  bore  holes  that  contain  water, 
it  matters  not  how  far  it  is  from  the  surface.  Wells  that  do 
not  flow  are  not  in  reality  artesian;  but  much  less  are  those 
artesian  where  the  water  has  to  be  elevated  from  50  to  300  feet. 
The  term  as  used  in  this  bulletin  will  apply  only  to  flowing 
wells.  In  justice  to  some  who  have  used  the  word  in  a  broader 
sense,  it  may  be  well  to  state  that  wells  not  flowing  have  been 
called  negative  artesian  wells,  and  those  flowing  positive  ar- 
tesian wells.  The  word  as  used  in  this  bulletin  answers  the 
scientific  definition  of  an  artesian  well,  as  will  be  found  in 
all  physical  geographies  and  geologies. 

In  order  to  secure  an  artesian  well  it  is  necessary  that  the 
strata  dip  and  that  they  extend  above  the  level  of  the  mouth 
of  the  well  sufficiently  high  to  furnish  a  water  storage  and 
also  hydrostatic  pressure.  Usually  the  stratum  containing  the 
water  is  quite  porous  and  is  confined  between  two  imperme- 
able strata.  In  nearly  every  artesian  basin  there  are  numer- 
ous water-bearing  horizons,  all  of  which  may  become  tributary 
to  a  single  flow;  or  they  may  be  brought  to  the  surface  in 
individual  pipes.  It  is  not  an  uncommon  thing  to  secure  seve- 
ral kinds  of  water  in  drilling  a  deep  well.    One  stratum  may 
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contain  an  unusual  amount  of  gypsum  or  sulphuretted  hydro- 
gen, which  would  render  it  unfit  for  household  use;  but  would 
in  no  way  interfere  with  irrigation.  Water  of  this  kind  could 
be  brought  to  the  surface  in  an  independent  pipe  and  utilized 
for  irrigation  purposes.  It  often  happens  that  a  good  flow  of 
hard  water  is  found  and  just  below  it  a  flow  of  soft  water. 
These  can  also  be  separated  in  the  same  way.  During  the 
last  fifty  years  well  drilling  has  improved  in  many  ways,  and 
especially  in  sinking  deep  wells  and  passing  through  very 
soft  strata.  A  century  ago  a  well  500  feet  deep  was  a  remark- 
able one ;  but  at  the  present  time  there  are  wells  that  are  over 
6,000  feet  deep. 

In  drilling  deep  wells  a  great  deal  depends  upon  the  nature 
of  the  strata. 

In  Wyoming  wells  can  usually  be  drilled  in  the  Paleozoic 
rocks  without  the  use  of  casing,  unless  it  is  put  in  to  shut 
oflf  a  water  flow.  In  the  Mesozoic  rocks  the  conditions  are 
entirelv  different  and  a  driller  should  be  ready  to  handle  a 
bad  cave  in  anv  of  the  formations  above  the  Triassic.  In 
localities  where  no  test  wells  have  been  drilled,  it  will  always 
be  advisable  to  start  a  large  well,  if  drilling  in  the  Mesozoic 
strata,  so  as  to  allow  for  casing  the  caves  and  to  finish  with  a 
medium  bit.  Whenever  it  is  possible,  a  careful  geological  sec- 
tion should  be  made  of  the  strata  through  which  the  well  is  to 
be  drilled.  For  in  this  way  a  driller  can  locate  approximately 
the  soft  bands  and  be  prepared  to  handle  caves  and  also  judge 
of  the  size  of  drill  to  start  with  to  reach  a  certain  zone.  In 
making  a  section,  one  should  examine  the  strata  in  which  the 
well  is  to  be  drilled  where  they  are  found  outcropping  along 
the  surface  on  a  mountain  slope  or  in  a  canyon.  In  taking 
measurements  for  thickness,  make  due  allowance  for  dip. 

It  occasionally  happens  that  after  a  flow  has  been  obtained 
it  suddenly  disappears  when  the  drill  pierces  a  porous  stratum 
which  does  not  contain  water.  Occasionally  this  may  happen 
when  the  well  is  practically  finished  or  that  the  depth  limit 
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has  been  reached.  In  a  case  of  this  kind,  it  is  very  important 
that  the  well  lie  reclaimed  if  possible.  The  following  sugges- 
tions may  often  prove  to  b^  of  value.  In  case  the  well  cannot 
be  drilled  deeper,  and  the  flow  of  water  was  satisfactory  be- 
fore it  was  lost,  it  will  be  advisable  to  make  a  seed  bag  about 
the  size  of  the  well.  The  bag  is  made  by  sewing  up  a  piece 
of  leather — buckskin  is  excellent — ^making  a  sack  that  when 
filled  with  flaxseed  will  be  about  a  foot  in  length.  Be  sure  to 
make  this  sack  so  that  when  filled  it  will  be  small  enough 
to  be  dropped  by  means  of  a  rope  to  the  bottom  of  the  well 
without  causing  any  trouble.  Before  lowering,  have  the  bag 
tied,  or  better,  sewed.  As  soon  as  the  sack  is  in  place  it 
should  be  packed  by  lowering  the  "string  of  tools"  with  a 
cylindrical  wooden  block  in  place  of  a  drill  and  this  allowed  to 
fall  gently  a  few  times.  The  flaxseed  will  swell  immediately 
and  in  a  short  time  the  flow  of  water  will  be  blocked  and  it 
will  rise  in  the  well.  Several  precautions  are  necessary  to  do 
this  work  successfully.  The  drill  hole  in  the  porous  band 
should  not  be  deeper  than  the  seed  bag  is  long;  if  deeper,  it 
can  be  filled  with  sand  or  rock.  In  case  a  mistake  is  made 
with  the  first  a  second  seed  bag  can  be  lowered.  As  soon  as 
the  bottom  of  the  well  has  been  blocked  and  the  water  com- 
mences to  rise  a  second  block  can  be  put  in.  This  should  be 
of  Portland  cement.  The  cement  should  be  mixed  so  that  it 
will  pass  through  a  pipe  easily.  A  pipe  should  be  lowered 
nearly  to  the  bottom  of  the  well — say  a  foot  from  it.  Then 
the  water  should  be  forced  out  of  the  tube  by  applying  air 
under  pressure  until  the  bubbles  rise  in  the  well.  Then  the 
cement  should  be  allowed  to  flow  into  the  tube  without  permit- 
ting any  air  to  enter,  and  the  bottom  of  the  well  filled  to  the 
depth  of  a  foot.  This  cement  will  soon  harden  and  make  a 
permanent  blocking. 

The  seed  bag  will  also  be  found  useful  in  many  instances 
when  a  flow  of  very  poor  water  has  been  found  below  good 
water,  and  it  has  been  found  advisable  to  block  the  well,  rather 
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than  attempt  to  pack  with  some  of  the  usual  packers  now  in 
use. 

It  often  happens  that  a  deep  well  has  to  be  finished  with 
a  very  small  drill  and  that  it  is  impossible  to  ream  it  out  after 
completion.  If  the  water-bearing  zone  is  a  solid  sandstone 
or  limestone  it  will  be  found  advisable  to  shoot  the  well  with 
dynamite  or  a  little  nitro-glycerine.  By  an  explosion  of  this 
kind  on  the  bottom  of  the  well  a  greater  surface  will  be  opened 
up  and  the  flow  materially  increased.  There  is  one  precaution 
necessary.  If  the  water-bearing  zone  has  been  punctured  with 
the  drill,  and  the  stratum  below  happens  to  be  thin,  there  is  a 
chance  that  the  floor  of  the  water-bearing  zone  would  be  frac- 
tured, and  cause  the  water  to  enter  a  porous,  non-water-bear- 
ing zone  below  and  never  rise  to  the  surface  again. 

The  cost  of  drilling  wells  will  vary  greatly.  It  has  been 
customary  for  drillers  to  charge  $2.00  per  foot  to  drill  shallow 
wells,  while  in  the  east  the  cost  of  drilling  deep  wells  ranges 
from  40  cents  to  $2.00  per  foot.  \\'clls  that  can  he  drilled 
along  lines  of  railroad  in  Wyoming  should  be  drilled  to  a 
depth  of  4,000  feet  at  a  cost  of  not  to  exceed  $2.00  per  foot ; 
understanding  that  this  price  does  not  include  casing.  When 
any  of  the  basins  in  the  state  become  known  by  drilling  wells, 
the  price  of  drilling  will  rapidly  diminish,  for  the  informa- 
tion obtained  by  one  will  in  all  cases  be  very  beneficial  to  those 
who  follow,  and  in  the  majority  of  cases  the  well  will  not  only 
show  the  nature  of  the  strata,  but  also  the  places  where  casing 
is  necessary. 

There  is  one  danger  that  will  possibly  aflFect  more  or  less 
the  artesian  wells  in  the  future.  Each  basin  has  a  certain  ca- 
pacity  and  the  moment  that  the  tax  is  greater  than  the  supply 
all  wells  securing  water  from  that  particular  zone  in  a  com- 
munity will  be  affected.  In  some  artesian  basins  in  the  world 
the  wells  have  increased  in  number,  until  finally  none  of  them 
would  flow  at  all.  Such  is  the  case  in  the  basin  near  Denver 
The  question  of  drilling  tlf:  proper  number  of  wells  in  any 
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basin  is  one  Xhat  should  be  considered;  but  there  is  no  law 
that  can  in  any  way  regulate  it,  since  each  land  owner  would 
have  equal  rights  in  a  case  of  this  kind.  All  will  admit,  no 
doubt,  that  a  basin  with  200  flowing  wells  that  would  irrigate 
considerable  land  would  be  far  superior  to  500  that  would 
furnish  only  enough  water  for  ranch  use. 

Up  to  this  time,  none  of  the  ranchmen  in  Wyoming  seem 
to  have  considered  the  advisability  of  drilling  to  secure  ar- 
tesian water  for  irrigation  purposes.  The  question  of  water 
storage  has  been  advocated  for  several  years  and  a  number  of 
small  reservoirs  have  been  put  in,  and  a  few  large  ones  arc 
being  constructed.  Nature  has  already  arranged  an  under- 
ground storage  of  water  in  many  places  in  the  state,  and  these 
should  be  considered  before  vast  sums  of  money  are  spent  in 
erecting  dams  to  retain  water  during  flood-tide.  Irrigation 
by  means  of  artesian  wells  is  not  a  new  nor  untried  scheme. 
It  has  met  with  success  in  numerous  instances,  especially  in 
California. 

Up  to  the  present  time  very  little  attention  has  been  paid 
to  artesian  well  drilling  in  this  state.  There  are,  however,  a 
few  flowing  wells,  many  of  which  were  drilled  for  oil  or  in 
search  of  oil  and  gas.  In  the  Laramie  basin  there  are  a  dozen 
wells  ranging  from  100  to  1400  feet  in  depth,  but  the  ma- 
jority being  less  than  300  feet  in  depth.  The  wells  near  Lara- 
mie have  all  been  drilled  in  Triassic  sandstone  and  two  or 
three  have  penetrated  the  Permian  rocks  below.  While  many 
of  these  furnish  ample  water  for  a  large  ranch,  none  of  them 
could  be  considered  as  producing  enough  for  irrigating  a  small 
tract  of  land.  W^ith  depth,  the  flow  of  all  of  these  wells  could 
be  greatly  increased.  For  example,  the  greatest  flow  of  water 
in  the  Laramie  basin  will  be  found  at  the  base  of  the  Carbonif- 
erous in  a  coarse  grit  or  in  contact  with  the  granite.  To  reach 
this  lower  zone,  the  deep  wells  would  have  to  be  drilled  frcMii 
600  to  800  feet  deeper.  The  flow  of  water  should  be  at  least 
ten  times  what  it  is  at  present.     At  Rawlins  conditions  are 
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similar.  Here  the  wells  are  in  the  Carboniferous  and  the 
largest  flow  will  be  found  in  the  Cambrian,  probably  near  the 
granite.  The  Rawlins  wells  should  be  drilled  to  bed-rock  to 
insure  the  greatest  supply  of  water.  At  other  places  wells 
have  been  drilled,  but  they  are  usually  quite  shallow  and  flow 
slight  streams  of  water.  So  long  as  wells  furnish  only  small 
supplies  of  water  there  will  not  be  any  incentive  to  drill  deeper 
ones.  It  must  be  remembered  that  it  will  be  the  deep  wells 
that  will  furnish  large  flows,  and  without  these  we  cannot  ex- 
pect the  enthusiasm  displayed  that  would  be  had  a  few  wells 
been  drilled  that  would  produce  a  half  million  or  more  gallons 
per  day.  There  is  no  question  in  my  mind  but  that  the  future 
artesian  wells  of  Wyoming  will  irrigate  large  tracts  of  land 
and  in  some  instances  the  pressure  will  be  found  sufficient  to 
apply  the  flow  to  a  water  wheel  and  furnish  power  to  be  util- 
ized for  any  purpose.  In  South  Dakota  electric  plants  and 
mills  are  operated  by  power  direct  from  the  wells  and  the  wa- 
ter afterwards  utilized  for  irrigation. 

The  following  table  will  give  a  list  of  the  artesian  wells 
that  have  been  drilled  in  Wyoming,  together  with  such  other 
information  that  may  be  of  interest : 


Name  of  Well 


S.  W.  Downey 

O  D,  Downey 

S.  W.  Downey 

Oxford  Ranch 

Thomas  McHugh  .   .    .   . 
Thomas  McHugh,  No.  2  . 

J.  Simpson 

G.  Montague 

Ryan  Bros 

Rawlins  No   1 

Rawlins  No.  2 

Saratoga 

University 

County 

Judson 

George 
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Albany 

Carbon 

Albany 
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Carbon 
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Triansic. 


•  •  • 

Fox  Hills.  .  . 

Permian   .  .  . 
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*           *  *  . 
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Triassic.  .  .  . 

■  •  a 

•  i 

■  •  • 

Carboniferous 

Tertiary   .  .  . 

Permian   .  .  . 
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•  •  . 
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Triassic.  .  .  . 
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3.927 

170 

8.t>40 

:i8u 

Small 

540 

4t 

112 

1,0H0 

117 

H31 

112 

SM 

150 

Small 

a5 

R40 

467 

106.000 

4m 

4^.000 

55 

72,000 

1015 

50.000 

1470 

540 

Small 

140 

Quite  large 

Kind  of  Water 


Good 

Poor 
Good 


Good:  brackish 

Good 
*« 

<t 

Sulphur;  poor 
Good 
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o 
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Guthery  .  .  . 
Rock  Springs 


Bacon  . 
Mullen 


e 
o 


Johnson.  . 
Nairona.  . 
Sweetwater 
Natrona.  . 
Albany.  . 
Fremont  . 


City,  if  any 


Near  Buffalo 

Rock  Springs 
Near  Frvay  . 

Dallas  . 


i 

^ 

a 

*H 

V 

U 

a 

JS.2 
S-5 

low 
hours 

O 

Q 

b 

Laramie  . 

2-1 

Small.   . 

Dakota  .   . 

lUUU 

Laramie  . 

•      •      > 

•• 

•     • 

Niobrara  . 

Fox  Hills  . 

■      «      ■ 

Medium 

Permian  ?. 

laoo 

«• 

Kind  of  Water 


Good 

Sulphur:  poor 
Poor 


«« 


Good 

Oil;  sulphur  water 


INSTRUCTIONS  FOR  LOCATING  ARTESIAN  WELLS. 

It  is  not  an  easy  task  to  locate  with  assurance  an  artesian 
well  in  a  new  basin.  The  many  factors  entering  into  work  of 
this,  kind  are  so  variable  that  a  person  may  reasonably  hesitate 
in  forming  an  opinion  or  rendering  judgment.  Unfortunately 
it  has  been  the  rule  to  drill  regardless  of  any  scientific  data 
that  mav  be  at  hand.  When  once  an  artesian  basin  has  been 
punctured  with  a  drill  and  an  accurate  log  kept  of  the  work, 
those  that  follow  have  a  comparatively  easy  task.  In  advice 
of  this  nature  it  is  utterly  impossible  to  make  rules  that  will 
apply  to  all  cases.  It  is  also  impossible  to  give  the  necessary 
information  as  to  the  depth  of  wells  and  the  quantity  of  water 
one  might  reasonably  expect. 

The  location,  the  geological  formation,  and  the  depth  of 
the  well  all  have  an  important  bearing  on  this  subject.  A  well 
in  one  basin  2,000  feet  deep  might  furnish  1,000,000  gallons 
of  water  a  day,  while  in  another  the  flow  might  only  be  suffi- 
cient for  one  ranch  house.  Before  anyone  attempts  drilling  a 
well  in  any  of  the  basins,  unless  he  is  fortunate  enough  to  have 
ample  funds  to- experiment  with,  let  him  consider  the  following 
essentials : 

1.  Re  sure  that  you  are  in  an  artesian  basin  and  that 
there  are  strata  above  you  of  sufficient  magnitude  to  warrant 
a  storage  of  water. 

2.  Examine  the  nature  of  the  strata  and  determine  if 
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possible  the  geological  horizon,  that  you  may  compare  your 
locality  with  others,  where  wells  have  been  drilled.  If  this  can- 
not  be  done  examine  the  lithological  characters  of  the  strata 
and  satisfy  yourself  whether  they  are  porous  or  impermeable 
and  note  if  at  any  point  you  can  find  springs  which  would 
signify  an  overflow  of  the  basin. 

3.  Before  drilling  estimate  the  thickness  of  the  forma- 
tions that  you  will  have  to  drill  through  and  the  difference 
in  elevation  between  the  point  where  the  rocks  were  exposed 
and  the  selected  place  for  the  well.  In  order  to  do  this,  esti- 
mate the  dip  of  the  rocks,  and  use  also  the  thickness  in  the 
estimate. 

METHOD  OF  TAKING  DIP. 

Use  a  clinometer  to  measure  the  dip  with,  but  in  case 
you  do  not   possess   one   use   an   ordinary  carpenter's   level. 
Select  some  place  along  a  gulch  or  canyon  where  the  strata 
have  been  worn  into  a  vertical  wall  and  examine  carefully  until 
you  find  the  strata  dipping  tows^rd  the  site  of  the  well  location. 
At  this  point  place  one  end  of  the  level  on  the  highest  side  of 
a  bedding  plane  and  adjust  the  instrument  until  it  is  perfectly 
level.     While  being  held   in  this  position   have  an  assistant 
measure  accurately  the  distance  from  the  elevated  end  of  the 
level  downward  to  the  bedding  plane.     In  this  way  you  have 
data  that  gives  you  the  dip  of  the  rocks  in  terms  of  inches  per 
foot  which  can  easily  be  converted  into  feet  per  mile.    Several 
readings  should  be  taken  in  an  estimate  and  these  averaged- 
In  case  the  clinometer  is  used  it  will  be  necessary  to  use  trigo- 
nometrical formulae  to  ascertain  the  number  of  feet  the  strata 
dip  per  mile.    In  either  case  it  will  be  necessary  to  measure  the 
distance  from  the  point  where  the  dip  was  taken  in  a  horizon- 
tal direction  to  the  well  location.     This  measurement  multi- 
plied by  the  dip  in  feet  or  inches  per  mile  will  give  approxi- 
mately the  depth  to  drill  to  reach  a  certain  horizon.     Ffoti 
this   depth  should  be  subtracted   the  difference  in  elevation 
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between  the  point  on  the  hill  where  the  estimate  for  dip  and 
thickness  were  made,  and  the  well. 


A  Table  Giving  the  Verticai  Depths  from  the  Surface  for  Each  One 
Hundred  Feet  Measured  Horizontally,  for  all  Degrees 

of  Dip  Between  1  and  90. 

In  using  this  table,  multiply  the  number  of  feet  you  have 
measured  horizontally,  by  the  number  of  feet  placed  after  the 
degree  of  the  dip  you  are  working  with.  For  example:  if 
the  dip  of  the  formation  is  I2  degrees,  and  you  wish  to  find  out 
how  deep  you  would  have  to  drill  at  a  point  4,200  feet  away, 
you  would  have  to  multiply  the  42,  which  represents  the  num- 
ber of  hundreds  of  feet,  by  21.25  f^^^- 

The  estimate,  made  in  this  way,  would  be  considered  as 
horizontal  from  the  outcropping  strata,  and  from  this  should  be 
subtracted  the  difference  in  elevation. 
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36  degrees 70.00  feet 

36  "  72.60  " 

37  "  76.26  - 

88  "  78.00  " 

89  "  81.26  •• 

40  "  84.00  " 

41  "  87.00  " 

42  "  90.00  " 

43  "  93.00  •• 
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62  "  188.00  " 
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63  degrees 200.00  feet 

64  "  205.00    " 

65  "  213.00    •• 

66  "  224.00    " 

67  "  235.00    " 

68  "  250.00    " 

69  "  260.00    " 

70  "  275.00    " 

71  "  300.00    " 
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79  "  515.00    " 
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83  " 813.00    ** 

84  "  1000.00    " 

85  "  1140.00    " 

86  "  1430.00    •* 

87  "  1912.00    •• 

88  "  2865.00    - 

89  "  5714.00    " 

90  "  


In  measuring  dip  greatest  care  should  govern  the  work 
and  average  dip  planes  considered.  In  some  instances  the 
strata  rise  and  fall  in  a  wave-like  structure,  which  makes  an 
estimate  for  depth  quite  uncertain.  Special  caution  should  be 
taken  at  all  times  in  taking  dip,  owing  to  cross-bedding  struc- 
ture of  many   sandstones,   and  especially  the   Triassic.     By 
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cross-bedding  it  is  meant  that  there  are  appearent  bedding 
planes  not  conforming  to  the  dip  of  the  strata. 

For  estimating  differences  in  elevation  an  aneroid  barom- 
eter will  be  found  useful ;  but  you  must  make  an  allowance 
for  at  least  twenty-five  feet  in  reading  an  ordinary  instrument. 
In  a  case  of  this  kind  the  reading  should  be  taken  at  either  the 
top  or  bottom  of  the  slope  and  the  second  one  follow  as  soon 
as  possible,  in  order  to  avoid  the  error  that  may  be  caused  by 
a  change  in  the  atmospheric  pressure.  The  difference  between 
the  two  readings  gives  the  approximate  difference  in  elevation. 

In  case  vou  cannot  secure  an  aneroid  barometer,  use  the 
same  method  as  recommended  for  determining  the  dip  of  the 
rocks.  Select  a  place  if  possible  where  you  can  sight  from  the 
exposed  stratum  down  to  the  well  location.  Arrange  a  piece 
of  2x4  on  this  line,  which  will  represent  the  average  slope  of 
the  mountain  or  hill,  and  then  apply  the  level  and  square, 
which  will  give  you  the  inches  fall  per  foot,  and  knowing  your 
horizontal  distance  you  can  easilv  estimate  the  elevation.  It 
will  often  happen  that  one  cannot  sight  the  entire  distance. 
Then  it  will  be  necessary  to  take  several  readings  and  also 
horizontal  measurements  and  add  the  results  for  entire  eleva- 
tion. 

In  case  a  location  is  being  made  along  a  mountain  slope 
be  sure  that  you  are  not  working  in  a  drained  area.  Such 
often  occur  in  good  basins. 

EXAMPLE. 

It  would  be  useless  to  drill  for  water  at  any  point  between 
A.  and  C,  since  the  canon  that  has  been  cut  through  the  rocks 
has  provided  natural  drainage  for  all  the  strata  above  the 
letter  A.    See  Section  V. 

It  will  often  happen  that  wells  are  needed  in  regions 
where  all  of  the  formations  or  nearlv  all  are  covered  with 
soil,  which  will  almost  forbid  any  preliminary  work.  How- 
ever, in  case  the  well  is  to  be  drilled  in  any  of  the  artesian  ba- 
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sins,  and  not  too  far  from  the  mountains,  a  flow  of  water  can 
easily  be  secured;  but  the  amount  depends  upon  the  natural 
reservoir  above,  and  the  nature  of  the  formation  in  which  the 
well  is  drilled. 

In  drilling  wells  there  is  but  a  single  point  to  consider. 
Hire  a  first-class  man  with  a  first-class  drilling  outfit.  If  pos- 
sible secure  a  driller  who  is  familiar  with  the  formations.  The 
differences  in  drilling  in  the  Paleozoic  rocks  and  the  Meso- 
zoic  are  so  great  that  a  man  will  be  very  successful  in  the 
first  and  fail  in  the  second.  The  trouble  is  in  the  nature  of  the 
strata.  In  the  Paleozoic  a  well  can  usually  be  drilled  through 
the  formations  without  being  cased.  In  the  Mesozoic  the  strata 
are  in  many  places  bands  of  solft  clay,  marl,  and  shales  that 
cave  easily,  and  it  has  in  some  instances  been  found  necessary 
to  start  with  a  well  i8  inches  in  diameter  in  order  to  finish 
with  a  three  ane  one-half  inch  drill,  the  difference  in  size  being 
taken  up  with  casing  to  hold  caving  ground. 

The  question  might  be  naturally  asked — why  have  not 
working  directions  been  given  for  each  locality?  It  would 
have  been  well  to  have  enlarged  upon  this  topic  if  there  was 
an  accurate  geological  map  of  the  state,  so  that  one  would 
know  from  the  map  the  exact  formations  to  be  found  in  each 
township  in  Wyoming.  As  it  is,  the  map  that  accompanies 
this  bulletin  has  been  made  from  reconnaissance  surveys  only, 
and  while  the  structure  is  nearly  accurate  the  boundary  lines 
between  the  formations  may  vary  several  miles  and  in  some 
localities  the  map  will  be  found  to  be  seriously  at  fault.  For 
these  reasons  no  detailed  directions  for  any  section  of  land  in 
a  region  will  be  attempted.  However,  at  all  times  the  geo- 
logical^ department  qf  the  University  will  be  pleased  to  aid 
in  the  location  of  wells  and  so  far  as  possible  make  examina- 
tions and"  give  directions  for  drilling  artesian  wells  in  anj 
locality  in  the  state. 

In  some  localities  where  the  strata  dip  sharper  than  45 
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degrees  it  will  be  found  to  be  advantageous  to  drive  a  tunnel 
into  the  mountain  that  will  cut  the  sedimentary  rocks  at  right 
angle  to  the  strike.  Tunnels  of  this  kind  are  not  very  expen- 
sive and  they  are  by  far  superior  to  a  well.  They  open  a 
greater  area  of  the  water-bearing  strata,  and  by  driving  drifts 
at  right  angle  to  the  main  tunnel  an  immense  amount  of 
ground  could  be  opened.  Cross-cut  tunnels  of  this  kind  in 
mining  camps  often  give  rise  to  a  small  river. 
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The  Artesian  Basins. 


THE  BIG  HORN  ARTESIAN  BASIN.* 

In  many  respects  this  is  the  most  promising  artesian  area 
in  Wyoming;  but  in  this,  as  in  all  sections,  the  most  valuable 
part  is  covered  so  deep  with  sedimentary  rocks  as  to  render  it 
unavailable.  Being  located  between  two  great  ranges  of 
mountains,  like  the  Big  Horn  on  the  east  and  the  Absaroxa 
and  Shoshone  on  the  west,  whose  highest  peaks  are  above  the 
line  of  perpetual  snow,  and  whose  forest  areas  are  so  vast  as 
to  store  great  snow  reserves  that  supply  water  gradually  to 
these  ranges,  the  water  supply  is  very  great.  On  the  south  this 
basin  is  hemmed  in  by  two  cross  ranges  which  meet  at  the  Big 
Horn  river,  the  western  portion  being  called  the  Owl  Creek 
range  and  the  eastern,  which  extends  to  the  Big  Horn,  is  lo- 
cally known  as  the  Rattlesnake.  To  the  northward  this  area 
melts  away  into  the  great  table  lands  along  the  Missouri  river 
in  Montana.  The  fonnations  entering  into  the  structure  of 
these  basins  are  as  follows:  Cambrian,  Ordovician,  Devo- 
nian, Carboniferous,  Permian,  all  of  the  Wyoming  Mesozoic 
bands  and  the  Eocene  Tertiary.  These  formations,  with  the 
exception  of  the  Eocene,  dip  gently  to  the  west  along  the  west- 
ern slope  of  the  Big  Horn  range  and  are  found  resting  upon 
the  Archaean  at  elevations  varying  from  7,000  to  9,000  feet. 
As  a  rule,  all  of  the  Mesozoic  rocks  have  been  removed  from 
the  mountain  slopes  and  are  not  usually  seen  until  the  foot  of 
the  mountain  is  reached,  when  the  Triassic  red  sandstone  usu- 
ally appears  as  huge  "hog-backs"  with  precipitous  walls  facing 
the  range.    North  of  Hyattville  some  miles  the  rocks  dip  at  a 

*l'hat  portion  of  the  Big  Horn  basin  lying  north  of  the  Stinkingwater  river  that  has 
been  represented  on  the  map  as  Tertiary,  belongs  to  the  Fort  Union  beds.  No  Wasatch* 
was  observed  north  of  the  Stinkingwater  river. 
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higher  angle  and  for  a  considerable  distance  the  Mesozoic 
rocks  are  found  within  a  few  miles  of  the  Archaean  granite. 
These  conditions  again  change  on  nearing  the  Montana  line, 
ivhere  the  Paleozoic  rocks  dip  gently  as  they  bend  about  the 
tiorth  end  of  the  Big  Horn  mountains  and  form  many  square 
miles  of  exposure  corresponding  to  the  southern  end  of  the 
-western  slope  of  the  range. 

In  the  vicinity  of  Hyattville  there  are  three  local  folds. 
In  the  one  west  of  Bonanza  the  exposure  is  entirely  Cretaceous. 
The  one  between  Bonanza  and  Hyattville  has  a  Jurassic  core 
and  possibly  Triassic  rocks  may  be  exposed  along  the  axis 
further  to  the  north.  At  Hyattville  the  fold  has  been  nearly 
obliterated  by  erosion.  All  of  these  folds  weaken  the  head 
of  water  stored  in  the  Mesozoic  rocks  above  the  Triassic. 

Between  Hyattville  and  Red  Bank  there  are  numerous 
springs  breaking  forth  from  Carboniferous  and  Permian  lime- 
stones, indicating  faults,  and  along  Canon  creek  large  areas 
of  Paleozoic  rocks  have  been  drained  by  the  deep  can- 
ons which  are  parallel  to  the  axis  of  the  Big  Horn  range  in  the 
limestone.  North  of  Shell  creek,  and  extending  northwest 
across  the  Big  Horn  river,  are  two  other  anticlinal  folds,  the 
^eater  of  which  has  a  Carboniferous  core  and  the  lesser  a 
Triassic.  While  these  folds  have  seriously  affected  the  basin 
along  the  foot  of  the  Big  Horn  mountains,  they  may  ^so  be 
<x)nsidered  as  advantageous;  for  if  they  arc  complete  arches, 
that  is,  not  fractured  or  faulted,  they  are  favorable  places  to 
•drill  and  secure  flowing  wells  a  considerable  distance  away 
from  the  range.  For  example,  southwest  of  Bonanza,  in  the 
Bonanza  oil  field,  exceptionally  large  flows  may  be  secured 
by  drilling  2,000  or  3,000  feet.  At  Hyattville  one  would  not 
liave  to  drill  over  200  feet  to  reach  the  same  zone  in  the  Tri- 
assic sandstone. 

Along  the  eastern  side  of  the  Big  Horn  basin  the  most 
desirable  territory  for  well  drilling  will  be  found    from  ♦he 
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crest  of  the  Triassic  sandstones  toward  the  mountains.  In  case 
wells  are  drilled  in  the  Triassic,  one  should  drill  not  less  t*iatt 
2,000  feet.  In  case  shallower  wells  are  desired  it  will  be  bet- 
ter to  drill  in  either  Carboniferous  or  Ordovician  strata. 

Beyond  these  disturbances,  to  the  westward,  the  Mesozoic 
rocks  appear,  and  especially  the  Cretaceous,  which  is  capped 
with  the  Laramie.  Westward  from  the  Laramie  the  Eocene 
Tertiary  covers  the  entire  central  area  of  the  basin  and  extends 
nearly  to  the  foothills  to  the  west. 

On  the  western  edge  of  the  basin  the  structural  features 
are  not  so  easily  worked  out.  Following  the  period  of  moun- 
tain making,  after  the  sedimentary  rocks  had  been  tilted  and 
eroded,  there  was  a  vast  accumulation  of  volcanic  breccia  de- 
posited for  a  distance  of  sixty  or  eighty  miles  along  the  moun- 
tains. This  has  greatly  obscured  the  geology  of  this  region 
and  also  hinders  materially  in  the  search  for  artesian  water. 
This  great  deposit  has  a  width  of  from  ten  to  forty  miles  and 
a  maximum  thickness  of  5,000  or  6,000  feet.  Between  this 
deposit  and  the  Tertiary  on  the  east  there  are  exposures  of  the 
upper  Cretaceous  series;  but  none  of  the  older  rocks  arc 
known  from  the  Owl  Creek  range  northward  until  the  Stink- 
ingwater  river  is  reached,  where  there  are  slight  exposures  of 
Paleozoic  rocks  which  extend  northward  to  the  Archaean  mass 
on  Clark's  fork. 

In  the  vicinity  of  Cedar  mountain  conditions  are  quite 
complicated.  This  mountain  is  an  anticlinal  fold,  with  prob- 
ably a  Cambrian  core,  and  with  the  strata  highly  inclined  on 
either  side.  To  the  westward  there  is  a  broad  synclinal  val- 
ley  that  will  undoubtedly  prove  to  be  valuable  artesian  terri- 
tory. On  the  eastward  the  strata,  although  sharply  inclined 
along  the  mountain,  flatten  very  rapidly  toward  Cody,  which 
makes  the  area  along  the  base  of  Cedar  mountain  a  very  fair 
artesian  proposition.  Northward,  above  Chapman's  ranch,  the 
opportunities  for  wells  are  excellent,  but  from  Clark's  fork 
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north  to  the  Montana  line  the  Paleozoic  rocks  are  nearly  ver- 
tical  and  the  productive  area  is  very  narrow  unless  wells  are 
drilled  in  the  Mesozoic.  Along  the  range  from  Cody  north 
flowing  wells  will  be  found  in  all  of  the  Mesozoic  rock.  West 
of  Clark,  tunnels  may  prove  to  be  useful  in  securing  water  from 
the  nearly  vertical  strata. 

The  structure  of  the  southern  end  of  this  basin  resem- 
bles, to  a  considerable  degree,  the  eastern  border,  except  that 
the  mountains  are  not  so  high.  The  width  of  the  basin  at  the 
sotithern  termination  is  nearly  eighty  miles,  and  artesian  con- 
ditions extend  the  entire  distance.  Along  the  Owl  Creek 
mountains,  including  the  uplift  on  the  east  side  of  the  Big 
Horn  river,  the  Archaean,  so  far  as  known,  is  only  exposed  along 
a  portion  of  the  distance.  For  many  miles  along  the  axis  of 
these  ranges  the  Carboniferous  or  Carboniferous  and  Per- 
mian rcKks,  form  a  complete  arch  that  has  not  been  fractured. 
On  this  account  the  extreme  eastern  and  western  sides  along 
this  border  are  not  as  favorable  for  valuable  wells  as  the  cen- 
tral section.  The  strata  dip  gently  northward  from  the  Arch- 
sean  rocks  along  the  northern  side  of  the  range,  and  there  is 
an  area  composed  of  Cambrian,  Ordovician,  Carboniferous 
and  Triassic  stretching  across  the  end  of  the  basin  that  varies 
from  ten  to  twenty  miles  in  width.  At  no  point  in  this  area 
will  it  be  necessary  to  drill  more  than  3,000  feet  to  reach  bed- 
rock, and  over  the  greater  portion  not  over  1.500  feet.  The 
Big  Horn  river  has  to  some  extent  drained  the  strata  that  lie 
above  the  river  bed.  Near  Thermopolis,  at  the  great  hot 
sprinj^»^s,  the  water  rises  in  numerous  places,  proving  conclu- 
sively that  there  is  a  very  good  fountain  head.  The  warm  wa- 
ter pouring  forth  from  these  springs  derives  its  heat  by  sink- 
ing deep  into  the  eartii  and  coming  in  contact  with  heated 
rock>  and  being  forced  to  the  surface  through  a  fault  by  means 
of  the  pressure  derived  from  the  storage  of  water  along  the 
niouniains.     In  this,  as  in  other  parts  of  the  basin,  artesian 
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wells  can  be  drilled  further  away  from  the  range,  and  no  doubt 
they  will  flow;  but  the  supply  of  water  would  be  quite  lim- 
ited unless  a  well  could  be  drilled  to  five  or  six  thousand  feet. 

Throughout  the  central  portion  of  the  basin  no  one  will 
be  warranted  in  drilling  wells  expecting  to  secure  artesian 
water.  The  Eocene  formation  is  usually  quite  thick  and  on 
account  of  its  sandy  and  clayey  texture  would  foil  the  most 
expert  well  driller  before  he  had  reached  i,ooo  feet. 

The  most  valuable  portion  of  the  entire  basin  extends 
from  Red  Bank  north  to  Shell  creek;  valuable  because  wells 
can  be  drilled  to  reasonable  depths  and  secure  an  abundance 
of  very  good  water. 

See  Section  VII  for  geological  structure  of  Big  Horn  ar- 
tesian basin. 


THE  SHOSHONE  ARTESIAN  BASIN. 

The  basin  is  bounded  on  the  north  by  the  Owl  Creek  and 
Big  Horn  mountains ;  on  the  east  by  the  Powder  River  basin ; 
on  the  south  by  the  Rattlesnake  range  and  the  high  bluff  of 
Tertiary  extending  from  the  Rattlesnake  westward  to  Beaver 
creek  and  the  Wind  River  mountains ;  on  the  west  by  the  con- 
verging Wind  River  and  Owl  Creek  ranges.  As  the  limits 
are  given,  this  basin  emerges  into  the  Powder  River  on  the 
cast,  and  at  several  intervals  along  the  southern  border  there 
are  no  barriers  that  would  prevent  it  from  extending  further 
southward.  The  remaining  exteriors  are,  however,  valuable 
territory  and  will  be    discussed  under  separate  headings. 

The  northern  border  skirts  the  Owl  Creek  and  the  west- 
em  extension  of  the  Big  Horn  mountains.  This  range  is  con- 
tinuous and  has  different  names  on  opposite  sides  of  the  Big 
Horn  river,  which  cuts  it  in  two.  These  slopes  have  not  been 
studied  and  the  present  observations  are  based  on  information 
secured  in  crossing  these  ranges.     In  the  main  uplift  in  the 


208  Wyommg  Experiment  Station. 

vicinity  of  the  Big  Horn  river  there  is  a  narrow  Archaean  mass 
that  extends  from  east  to  west  to  an  unknown  distance,  and 
as  plotted  on  the  map  is  largely  guess-work,  Mr.  J.  B.  Okie 
of  Lost  Cabin  having  informed  me  that  there  was  granite  north 
of  his  place  and  that  it  extends  westward  to  the  known  mass 
at  the  Big  Horn  seems  reasonable.  The  forces  producing 
this  great  fold  that  hems  in  the  Big  Horn  basin  on  the  south 
operated  from  the  north  and  caused  the  sedimentary  rocks  to 
dip  sharply  to  the  south.  This  dip  gradually  decreases  to  the 
eastward  and  westward,  to  the  respective  boundaries.  South 
of  the  Archaean  uplift  the  exposed  formations  are  Cambrian, 
Ordovician,  Carboniferous  and  Permian  (?)  ;  south  of  this  all 
of  the  Mesozoic  rocks  are  covered  with  Tertiary.  Eastward 
the  Triassic  sandstones  appear  at  a  distance  and  will  more  than 
likely  be  found  along  this  uplift.  The  supply  of  water  will 
not  be  large,  since  this  region  is  wholly  dependent  upon  the 
precipitation  for  storage  unless  it  may  be  possible  for  some  of 
the  porous  strata  from  the  Wind  River  range  to  augment  this 
supply. 

The  crest  of  the  Owl  Creek  range  west  of  the  Big  Horn 
river  a  few  miles,  with  the  exception  of  a  few  small  expos- 
ures of  Archaean,  is  all  Carboniferous  or  Permian.  Similar 
conditions  exist  in  the  lower  Big  Horn  range  east  of  Lost 
Cabin.  This  arch  of  limestone  is  very  detrimental  to  the  stor- 
age of  water  in  the  Paleozoic,  and  unless  it  is  fractured  in  nu- 
merous places,  wells  drilled  to  this  horizon  either  eastward  or 
westward  from  a  line  extending  southward  from  the  termina- 
tion of  the  Archaean  will  be  found  to  be  unsatisfactory.  Oppo- 
site the  Archaean,  to  the  south,  the  Paleozoic  rocks  are  so  highly 
inclined  as  to  make  the  productive  area  very  narrow,  and 
deep  wells  will  be  necessary  to  reach  a  flow.  About  Lost  Cab- 
in the  Triassic  red  sandstone  seems  the  most  desirable  band 
to  penetrate  with  a  drill,  though  possibly  the  upper  band  of  the 
Carboniferous  will  be  found  equally  valuable.    The  same  can 
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be  said  of  the  western  end  of  the  flank  of  the  Owl  Creek 
mountains.  Cretaceous  strata,  whenever  exposed,  will  be 
found  to  contain  many  water  horizons,  and  the  best  may  be  ex- 
pected in  the  Dakota  stage. 

Wells  may  be  drilled  along  the  base  of  this  range  when 
there  is  a  thin  covering  of  Tertiary,  but  a  few  miles  away 
would  carry  one  beyond  the  bounds  of  reasonable  well  drilling. 

There  is  no  question  but  that  there  is  quite  a  large 
basin  along  the  foot  of  this  range  for  ten  or  twelve  miles,  and 
beyond  this  the  Jurassic  rocks  appear.  Probably  there  are 
some  Cretaceous  exposures  along  the  streams  flowing  south 
and  west,  where  the  Tertiary  capping  has  been  removed. 
Westward  from  the  river  the  entire  complement  of  the  Meso- 
zoic  appears  rather  suddenly,  since  it  occupies  an  elevation 
above  the  level  of  the  Tertiary. 

Since  the  western  boundary  of  this  basin  is  formed  by  the 
convergence  of  the  Wind  River  and  Owl  Creek  ranges,  it  will 
be  discussed  in  connection  with  the  northern  and  southern 
boundaries. 

The  Shoshone  anticlinal  parallels  the  Wind  River  moun- 
tains from  Hailey  nearly  to  the  Big  Wind  river,  a  distance  of 
over  50  miles.     This  fold  is  some  distance  from  the  range, 
the  nearest  point  being  five  or  six  miles  from  the  foot  and  dou- 
ble that  distance  from  the  Archaean  rocks.    The  Triassic  strata 
ar'  exposed  nearly  the  entire  length  along  the  axis  of  this  fold. 
On  the  northeast  the  Jurassic  and  Cretaceous  rocks  dip  away 
p   •  tly  and  only  a  few  miles  distant  obtain  considerable  thick- 
s.    On  the  southwest  side  of  the  fold  the  Jurassic  and  Cre- 
taceous rocks  have  suffered  greatly  from  erosion  and  are  sel- 
dom seen  above  the  soil  surface.     This  condition  produces  a 
long,  narrow  synclinal  basin  that  lies  between  the  anticlinal 
fold  and  the  mountains.     This  can  be  considered  as  a  small 
artesian  basin.    It  is  to  some  extent  separated  from  the  great 
basin  along  the  northeast  side  of  the  anticlinal.     This  narrow 
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basin,  which  gradually  widens  to  the  northwest,  should  be  se- 
riously considered  by  the  people  who  live  along  this  range,  as 
sometimes  there  is  a  shortage  of  water.  The  possibilities  arc 
unsurpassed  for  large  capacity  wells,  and  the  Mesozoic  rocks 
are  so  thin  near  the  range  and  often  in  the  valleys  that  wells 
need  not  be  drilled  to  great  depths.  The  reasons  for  this  being 
a  specially  favorable  location  are  that  Paleozoic  rocks  rise  along 
the  flank  of  the  mountains  two  and  three  thousand  feet  above 
the  valley  and  that  the  Archaean  peaks  rise  far  above  the  snow 
line  and  furnish  a  constant  supply  of  water  during  the  sum- 
mer. Above  Lander,  on  the  forks  of  the  Popo  Agie  river, 
there  are  places  where  it  will  be  advisable  to  tunnel  for  water. 
When  a  tunnel  has  been  completed  from  the  base  of  the  moun- 
tain to  granite  it  will  be  found  the  bed  of  a  good-sized  stream. 
Excellent  places  to  drill  for  water  are  along  Red  canon,  at  the 
experiment  farm,  and  to  the  north  and  west  along  the  outcrop- 
ping Triassic  rocks.  At  Lander  and  Fort  Washakie  wells  could 
be  obtained,  but  the  depth  would  be  very  great.  In  cases  of 
this  kind  it  would  be  more  advantageous  to  drill  nearer  the 
range  and  pipe  the  water  to  lower  horizons. 

Along  the  anticlinal  axis  wells  may  also  be  obtained.  Al- 
ready there  is  an  artesian  well  near  the  mouth  of  Twin  creek. 
This  well  was  drilled  to  a  depth  of  1,200  feet.  The  formations 
lying  beneath  the  axis  of  the  fold  are  the  Permian,  Carbonif- 
erous, Ordovician  and  Cambrian,  all  of  which  are  supplied 
with  water  from  the  range,  and  if  not  exhausted  at  this  point 
will  furnish  a  supply  of  water  for  the  country  lying  beyond  uk 
fold  to  the  northeastward.  Well  drilling  to  the  northeast  of 
the  Shoshone  anticlinal  will  have  to  be  confined  to  a  very  nar- 
row belt  on  account  of  the  rapid  thickening  of  the  Cretaceous 
rocks.  Beyond  these  limits  no  one  should  drill  for  the  Paleozoic 
rocks.  Wells  may  be  drilled  in  the  Cretaceous  strata,  but  no 
one  should  expect  more  than  a  slight  flow.  Those  who  drill 
along  the  anticlinal  must  always  consider  that  water  found 
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will  usually  be  contaminated  with  oil  and  sulphur.  While  it 
may  be  possible  to  utilize  such  water  for  irrigation  purposes, 
it  would  first  be  necessary  to  contrive  a  method  to  store  the 
oil  and  allow  the  water  to  escape. 

From  the  fold  eastward  the  first  distributed  rocks  are 
found  at  the  Beaver  oil  basin,  where  the  Cretaceous  rocks 
stand  nearly  on  edge  and  there  are  no  associated  Paleozoic 
rocks,  since  Tertiary  has  obscured  them.  Artesian  wells  can 
be  secured,  but  the  flow  will  be  slight  and  the  water  unfit  for 
irrigation,  stock  or  ranch  use  on  account  of  its  contamination 
with  sulphur,  oil  and  alkali. 

Eastward  from  the  Beaver  basin  some  five  or  six  miles 
is  the  Connant  anticlinal,  which  has  a  Carboniferous  core  and 
the  Triassic  and  Jurassic  rocks  on  either  flank.  About  the 
base  of  this  uplift  the  lower  beds  of  the  Cretaceous  are  ex- 
posed and  wells  drilled  along  these  outcroppings  will  furnish 
a  small  supply  of  water  which  is  very  desirable  in  this  very 
arid  region.  Here,  as  at  Beaver,  one  should  be  prepared 
to  encounter  water  containing  sulphur  or  petroleum.  Pe- 
troleum has  not  been  found  in  this  vicinity,  but  it  does  occur 
on  both  sides,  and  those  drilling  must  choose  well  their  location, 
for  oil  springs  are  numerous  all  along  the  ranges,  and  wells 
associated  with  petroleum  would  not  furnish  good  water;  the 
oil  not  being  the  only  drawback,  but  the  presence  of  an  abun- 
dance of  sodiiun  sulphate  being  even  more  serious.  Petroleum 
along  the  range  is  wholly  confined  to  the  Cretaceous  rocks,  but 
ranges  from  the  Dakota  to  the  Fox  Hills. 

From  the  Connant  anticlinal  eastward  there  is  a  nearly 
continuous  precipitous  wall  of  Miocene  Tertiary  that  rises 
several  hundred  feet  from  the  desert  country  and  practically 
connects  this  section  with  the  Rattlesnake  mountains.  Along 
the  foot  of  this  huge  bluflf  are  numerous  small  springs  which 
have  their  source  in  the  Tertiary  rocks,  but  there  are  no  con- 
ditions warranting  well  drilling. 
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Within  eight  or  ten  miles  of  the  Rattlesnake  mountains 
there  is  simply  the  termination  of  the  Dutton  anticinal,  known 
as  the  Dutton  oil  basin.  In  this  V  shaped  area  the  Triassic 
rocks  are  the  oldest  exposed,  and  the  tilted  bands  along  the 
anticlinals  are  so  low  that  there  is  little  or  no  opportunity  for 
water  storage.  Along  both  sides  of  the  fold  there  are  a  few 
small  springs,  some  of  which  contain  very  poor  water ;  others 
are  associated  with  natural  gas  escapes  and  a  few  with  petro- 
leum. The  conditions  in  this  section  are  anything  but  favora- 
ble for  a  large  supply  of  water,  and  yet  I  know  of  no  region 
where  water  would  be  of  greater  benefit. 

The  Rattlesnake  mountains  form  a  peculiar  range  that  is 
some  40  or  50  miles  long  and  have  probably  been  elevated  by  a 
huge  fault  that  extended  along  the  southwestern  base.  It  is 
not  definitely  known  that  there  are  Archaean*  rocks  along  the 
southern  slope,  but  there  is  a  complete  series  of  rocks  as 
known  in  central  Wyoming,  commencing  with  the  Cambrian 
and  terminating  with  the  Tertiary,  along  the  northern  slopes. 
These  rocks  dip  from  28  to  35  degrees  and  form  great  ridges 
paralleling  the  range  which  are  occasionally  cut  by  small 
streams.  This  range  is  one  of  the  celebrated  oil  districts  of  the 
state  and  wells  drilled  in  anv  of  the  Cretaceous  bands  may  fur- 
nish  water  that  is  charged  with  sodium  sulphate,  sulfuretted 
hydrogen,  and  tainted  with  oil,  since  the  petroleum  ranges  from 
the  base  of  the  Dakota  stage  to  the  crest  of  the  Fox  Hills. 

On  account  of  this  drawback  wells  should  be  commenced 
in  the  Triassic  and  the  flow  looked  for  in  the  lower  Triassic  or 
Permian,  and  possibly  in  older  bands.  Along  the  range  from 
Garfield  peak  eastward  and  westward  for  a  distance  of  from  6 
to  10  miles  tunneling  may  be  resorted  to.  Although  this 
range  is  not  high,  there  is  every  evidence  that  wells  drilled  or 
tunnels  run  will  afford  considerable  water.    This  basin  has  al- 


*Only  recently,  while  investigating  the  Rattlesnake  mountains,  I  found  that  the  Arch* 
aran  was  exposed,  and  that  it  is  chiefly  a  hornblende  granite. 
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ready  been  proven,  by  companies  drilling  for  oil,  and  at  pres- 
ent there  are  one  or  two  wells  flowing  very  poor  water. 

Eastward  from  the  Rattlesnake  range  there  is  a  broad 
synclinal  valley  partially  covered  with  Tertiary  rocks,  and  just 
beyond  the  Oil  mountain  fold.  This  fold  has  a  Jurassic  axis 
and  is  badly  faulted  and  can  not  be  considered  as  an  important 
source  for  artesian  water.  Again,  the  presence  of  oil  impairs 
its  value.  On  Poison  Spider  creek,  only  a  mile  or  two  north  of 
Oil  mountain,  the  Guthery  oil  well  has  flowed  a  small  stream 
of  sulphurous  water  for  many  years.  In  regions  like  this, 
where  water  is  very  scarce,  small  wells  like  the  Guthery  may 
be  found  advantageous.  Other  wells  drilled  to  greater  depths 
but  further  away  have  not  flowed. 

See  Sections  VIII  and  IX  for  geological  structure  of  Sho- 
shone artesian  basin. 


THE  POWDER  RIVER  ARTESIAN  BASIN. 

This  basin  includes  all  of  Sheridan,  Johnson,  Crook,  and 
Weston  counties;  also  the  greater  portion  of  Natrona  and 
Converse.  In  reality  it  includes  nearly  one-fourth  of  the 
state.  On  account  of  some  local  geological  disturbances  this, 
the  largest  area  to  be  discussed,  might  have  been  separated 
into  several  small  ones;  but  since  the  lesser  divisions  would 
not  be  considered  as  important  basins,  it  has  been  deemed  ad- 
visable to  include  them  under  one  head  and  pay  special  atten- 
tion to  the  isolated  districts.  The  western  limit  of  this  basin 
is  the  Big  Horn  range,  with  the  exception  of  the  depressed 
area  lying  between  the  Big  Horn  mountains  and  Oil  moun- 
tain, where  the  boundary  is  the  range  line  between  ranges  82 
and  83.  On  the  south  the  Laramie  mountains  act  as  a  barrier 
from  the  big  bend  of  the  North  Platte  river  eastward  to  a 
point  south  of  Douglas,  from  whence  the  line  extends  eastward 
to  the  stae  line,  ovqr  an  area  that  does  not  offer  any  artesian 
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advantages.  The  eastern  limit  can  be  considered  the  Wyoming 
line  between  Nebraska  and  South  Dakota,  but  since  natural 
law  knows  no  artificial  boundaries,  the  basin  from  Newcastle 
south  to  the  southern  boundary  extends  for  an  unknown  dis- 
tance eastward.  From  Newcastle  northward,  the  Black  Hills 
uplift  forms  a  natural  barrier  that  contributes  to  the  water 
supply  of  Wyoming.  On  the  north,  this  great  basin  extends 
into  Montana,  but  since  the  Black  Hills  uplift  terminates 
south  of  the  Montana  line,  and  the  Big  Horn  range  practically 
terminates  in  Wyoming,  that  portion  north  of  the  Wyoming 
line  is  not  worthy  of  consideration,  since  it  is  too  far  removed 
from  the  mountain  ranges  to  furnish  a  water  supply,  unless 
wells  could  be  drilled  to  very  great  depths,  say  10,000  or 
more  feet. 

The  western  side  of  the  basin  presents  many  peculiar  con- 
ditions, hence  it  will  be  necessary  to  discuss  several  localities 
along  the  range  in  order  to  properly  understand  the  possibil- 
ities as  well  as  the  probabilities  of  this  region.  Along  the  range 
opposite  Sheridan  and  northward  and  westward  to  the  ter- 
mination of  the  Big  Horn*range,  the  strata  flanking  the  moun- 
tains gradually  decrease  in  dip.  They  dip  at  a  high  angle 
at  Piney  creek  .and  very  gently  opposite  Pass.  The  forma- 
tions flanking  the  range  are  the  same  as  occur  in  the  Big  Horn 
basin,  except  that  the  Devonian  is  not  known,  but  may  be  found 
in  very  thin  bands.  As  on  the  western  side  of  these  mountains, 
the  strata  lie  high  up  along  slopes  and  attain  an  elevation  of 
from  4,000  to  6,000  feet  above  Sheridan.  This  provides  for 
unsurpassed  storage,  as  well  as  pressure,  and  makes  this  sec- 
tion an  ideal  one  for  artesian  wells.  The  most  desirable  loca- 
tions will  be  found  near  the  base  of  the  range  and  extending 
toward  the  plains  as  far  as  the  top  of  the  Triassic  sandstone, 
though  at  this  distance  it  will  often  be  found  impracticable  to 
drill  deep  enough  to  reach  bed-rock.  There  are,  however,  nu- 
merous zones  between  bed-rock  and  the  Triassic  that  will  fur- 
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nish  large  flows  of  water.  Beyond  the  Triassic  sandstones 
artesian  flows  can  be  secured  almost  any  place  in  tlie  valley 
lands  or  along  the  table  lands ;  but  the  source  of  the  water  is 
in  the  Cretaceous  rocks,  and  with  the  exception  of  the  Dakota 
sandstone  the  chances  are  that  very  inferior  water  will  be  ob- 
tained. For  example,  a  well  a  thousand  feet  deep  at  Sheridan 
would  in  all  probability  flow ;  but  the  water  coming  from  rocks 
associated  with  coal  is  never  good.  Occasionally  water  in  a 
coal  formation,  where  there  is  a  heavy  band  of  sandstone  be- 
tween  two  bands  of  clay,  is  excellent.  Wells  drilled  at  Sheri- 
dan should  not  be  expected  to  produce  much  water,  since  the 
strata  that  carry  the  water  beneath  the  city  crop  to  the  surface 
between  Sheridan  and  the  mountains,  and  in  consequence  have 
a  very  limited  water  supply.  Were  it  possible  to  drill  deep 
enough  at  Sheridan,  say  10,000  or  15,000  feet,  the  supply  of 
water  thus  obtained  would  surprise  the  world. 

From  Piney  creek  southeast  and  south  the  dip  of  the 
strata  increases  very  rapidly  until  at  a  point  opposite  Buffalo 
they  are  nearly  vertical ;   but  southward  they  again  decrease 
in  inclination  and  at  Crazy  Womaa  creek  the  dip  is  only  15 
or  20  degrees.    West  of  Buffalo  nearly  all  of  the  sedimentar}*^ 
rocks  have  been  obscured  by  the  detritus  from  the  mountains, 
which  along  Clear  creek  is  a  very  thick  band  of  conglomerate. 
On  account  of  the  strata  being  nearly  in  a  vertical  position  it 
will  be  impossible  for  anyon^  with  modern  appliances  to  drill 
and  pierce  any  of  the  Paleoaoic  bands,  and  it  is  questionable 
if  any  of  the  lower  Mesozoic  rocks  could  be  reached.     South 
of  Buffalo,  as  the  dip  decreases  the  opportunities  for  wells  in- 
crease, and  only  ten  of  twelve  miles  south  of  Clear  creek  the 
territory  in  which  the  best  wells  can  be  secured  has  increased 
sufficiently  to  warrant  large  expenditures  in  drilling.     Buffalo 
is  located  on  the  Laramie  beds,  which  dip  very  slightly  to  the 
east.    These  beds  will  be  found  to  furnish  artesian  water,  but 
there  will  be  the  same  drawbacks  to  consider  as  at  Sheridan. 
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Geological  section  from  the  crest  of  the  Big  Horn  mountains  eastws 
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Geological  section  from  the  Ferris  mountains  northward  across 


Geological  section  from  Opal  eastward  through  Granger,  Rock 
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Already  shallow  wells  have  been  drilled  at  Buffalo  that  pro- 
duce small  streams  of  very  good  water.     Deeper  wells  will 
furnish  more,  but  the  chances  are  that  the  water  would  contain 
too  mucn  mineral  matter  to  be  used  for  domestic  purposes  or 
irrigation.    From  Muddy  creek,  south  of  Buffalo,  to  the  south- 
ern termination  of  the  Big  Horn  range,  the  strata  gradually 
decrease  in  dip,  which  widens  the  Paleozoic  outcrops  along 
the  range.     Along  the  Big  Horn  mountains,  nearly  opposite 
Mayoworth  postoffice,  the  Archaean  rocks  no  longer  appear 
Dn  the  surface,  but  are  covered  with  a  great  arch  of  the  Paleo- 
zoic, and  the  Carboniferous  rocks  form  the  crest  of  the  range 
southward  to  the  great  bend  in  the  range,  and  from  thence 
westward.    Along  the  mountain  slopes  the  Triassic  rocks  are 
occasionally  seen,  but  as  a  rule  they  outcrop  at  the  foot  of  the 
range.     In  this  portion  of  the  range  conditions  are  the  same 
as  cited  in  the  southern  end  of  the  Big  Horn  basin,  which  is 
just  across  the  mountains.     Because  the  granite  is  covered 
with  Cambrian;;  Ordovician  and  Carboniferous  bands  the  stor- 
age has  been  greatly  decreased.    In  case  these  rocks  have  been 
faulted  or  fractured  the  water  supply  would  correspond  fa- 
vorably to  that  portion  of  the  range  at  Muddy  creek.    On  the 
other  hand,  the  Triassic  sandstone  would  be  the  leading  hori- 
zon and  the  Dakota  sandstone  a  second  one  below,  but  in  nei- 
ther place  would  the  supply  be  large. 

Along  the  southern  boundary  of  the  Powder  river  basin 
the  Laramie  mountains  act  as  a  barrier  and  along  these  the 
strata  are  tilted  to  the  north  at  various  angles  depending  upon 
the   locality.     Here  the  formations  change.     The   Paleozoic 
rocks  are  very  much  thinner,  the  Ordovician  series  have  not 
been  detected,  and  the  Cambrian,  which  has  been  found  along 
the   western  arm  of  the  Laramie  mountains,  thins  very  rap- 
idly to  the  eastward.     The  remaining  bands  are  the  same  as 
seen  at  Buffalo  or  Sheridan.    The  Laramie  range  practically 
terminates  before  reaching  the  North  Platte  river,  which  has 
-{15) 
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cut  its  way  across  the  northern  extension  through  Triassic 
sandstone.  In  this  vicinity  there  is  a  larg^e  spring  in  the  Tri- 
assic sandstone  that  acts  as  an  overflow  for  this  section.  East- 
ward along  the  range  the  Paleozoic  rocks  gradually  decrease 
in  dip,  for  many  miles.  There  are  in  all  probability  some 
changes  in  geological  structure  along  this  range  that  have  not 
been  discovered.  Between  Douglas  and  Laramie  peak  there  is 
a  small  secondarv  fold  with  a  Triassic  core,  but  with  this  ex- 
ception  nothing  is  known  out  of  the  regular  anticlinal  struc- 
ture. The  range  is  quite  low,  Laramie  peak  being  only  lo,- 
ooo  feet  and  the  rest  of  the  granite  peaks  to  the  westward 
varying  between  8,000  and  9,000  feet.  Owing  to  the  precipi- 
tous slope  along  the  range  opposite  Casper,  the  Paleozoic  rocks 
offer  only  a  verv  narrow  band  in  which  to  drill.     South  of 
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Glenrock  the  conditions  are  more  favorable,  and  opposite 
Douglas  the  productive  area  has  so  increased  in  width  that 
the  artesian  possibilities  are  very  promising. 

Wells  can  also  be  secured  by  drilling  in  Mesozoic  rocks, 
but  the  chance  to  secure  large  flows  of  water  decrease  very  rap- 
idly as  one  leaves  the  foot  of  the  mountains.  Flows  may  be 
secured  at  Casper,  Glenrock  and  Douglas,  but  wells  are  not 
recommended  for  these  cities :  First,  since  the  flow  would  not 
be  important,  and  secondly,  because  the  source  of  the  water 
would  probably  render  it  too  impure  for  ordinary  uses. 

The  southeastern  comer  of  the  Powder  River  basin  can- 
not be  considered  as  of  importance  for  artesian  well  drilling, 
not  that  the  basin  does  not  exist,  but  that  it  is  by  far  too  deep 
to  drill  and  reach  the  valuable  zones.  Wells  can  no  doubt  be 
found  eastward  from  Douglas,  but  the  water  will  seldom  if 
ever  rise  to  the  surface.  This  is  largely  due  to  the  Tertiary 
beds  of  the  Miocene  period  which  cover  this  section  and  are  in 
nearly  horizontal  strata.  These  strata  vary  from  1,000  to  1.500 
feet  in  thickness.  This  thickness  would  have  to  be  drilled 
through  before  the   Mesozoic  rocks  that   flank  the  Laramie 
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range  on  the  eastern  slopes  could  be  reached.    North  of  Lusk 
and  along  the  slopes  of  the  Cheyenne  river  there  is  a  small 
area  of  Fort  Pierre  shales  and  in  this  section  wells  may  be 
drilled  deep  enough  to  reach   the   Dakota  sandstone,   which 
would  furnish  an  ample  water  supply.,   Further  to  the  north- 
ward the  Laramie  rocks  appear  and  there  is  little  opportunity 
to  drill  wjclls.     At  N^ewcastie- and  northward  to  Cambria  and 
thence  north  and  northwest,  the  country  favors  well  drilling 
and  a   reasonable    water  supply   may  be   looked    for.     This 
brings  us  to  the  region  affected  by  the  Black  Hills  uplift  and 
some  lesser  folds.     While  the  Black  Hills  are  usually  known 
as   belonging  to    South    Dakota,   the   Wyoming-Dakota    line 
passes  over  some  very  prominent  peaks  of  Algonkian  schists, 
in  the  tin-bearing  regions,  which  leaves  a  small  area  in  Wyo- 
ming.   On  the  western  slopes  of  the  Black  Hills  the  Cambrian 
strata  dip  very  gently  westward,  and  above  the  Cambrian  are 
the  Ordovician,  Carlx)niferous  and  probably  Permian.    These 
are  found  in  rather  wide  beds,  the  Permian  extending  west- 
ward to  within  ten  miles  of  Sundance.    From  this  point  west- 
ward to  Sundance  the  Triassic  red  sandstone  covers  the  entire 
valley,    extending   to    the    northward   and    southward    many 
miles,  while  the  Paleozoic  rocks  bend  to  the  eastward  as  they 
encircle  the  main  uplift.    Throughout  this  area  artesian  weiis 
can  be  secured,  and  although  the  bands  of  rock  do  not  reach 
high  up  along  the  hills,  one  can  expect  a  large  supply  of  wa- 
ter, since  the  precipitation  in  this  section  of  the  state  is  almost 
double  that  of  central  Wyoming.     North  and  east  of  Sun- 
dance the  conditions  are  very   favorable.     The  Bear  Lodge 
mountains   traverse    considerable    country    north    and    south. 
They  have  a  core  of  Cambrian  rocks  and  the  Ordovician,  Car- 
boniferous and  Permian  flank  either  side.    The  elevation  of  the 
hifi^hest  peak  is  6,750  feet.     These  rocks  furnish  water  for 
the  western  side  of  the  basin,  that  is  supplied  from  the  east 
bv  the  Black  Hills.    At  Sundance  good  wells  will  be  secured 
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if  drilled  to  a  depth  of  i,ooo  or  2,000  feet.  On  the  west  side 
of  the  Bear  Lodge  range  is  also  a  second  area  that  will  bt 
found  productive.  Westward  on  the  Belle  Fourche  river  there 
is  an  anticlinal  fold  in  Cretaceous  rocks,  in  the  Belle  Fourche 
oil  field,  but  this  is  of  little  importance  for  artesian  water,  on 
account  of  a  slight  production  and  the  contamination  with  pe- 
troleum. 

Having  dealt  with  the  exterior  of  this,  the  largest  artesian 
basin  in  Wyoming,  some  may  inquire  what  is  to  be  done  w-ith 
the  central  region,  where  streams  are  scarce  and  water  is  so 
badly  needed.  Very  unfortunately  the  best  water-bearing 
zones  are  buried  so  deep  with  upper  Mesozoic  rocks  that  any 
attempt  to  pierce  them  with  a  drill  would  prove  futile.  In 
reality  this  is  the  most  valuable  portion  of  the  basin  if  it  were 
possible  to  drill  and  reach  the  Dakota  sandstone  or  the  Paleo- 
zoic rocks,  but  unless  there  are  new  inventions  that  will  aid  us 
in  drilling,  no  one  need  for  a  moment  consider  drilling  a  well 
deeper  than  5,000  or  6,000  feet,  and  since  a  well  here  would 
have  to  be  from  10,000  to  20,000  feet  deep  to  reach  the  great 
water  zones,  it  makes  the  question  hinge  on  impossibilities. 
Even  in  the  central  regions  slight  flows  may  be  found  near  the 
surface  that  would  repay  many  times  the  expense  of  drilling. 
In  the  Salt  Creek  oil  fields  artesian  water  bands  have  been 
found,  but  the  water  was  so  saturated  with  sodium  sulphate 
as  to  render  it  useless  for  any  purpose.  Along  the  fold  of  the 
Powder  River  oil  basin  wells  may  be  found,  but  if  associated 
with  the  oil  sands  thev  will  not  be  useful.  On  account  of  the 
Dakota  sandstones  cropping  to  the  surface  in  this  section,  there 
is  an  excellent  opportunity  to  drill  along  the  axis  of  the  anti- 
clinal fold  and  secure  a  large  supply  of  water  that  would  come 
from  the  Big  Horn  mountains.  The  Oil  Mountain  oil  field 
should  also  be  included  as  a  possible  place  for  securing  a  flow. 
In  fact  the  Guthery  well,  which  is  drilled  on  Pdison  Spider 
creek,  has  furnished  a  small  flow  of  sulphur  water  for  several 
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years.     Wells  drilled  nearer  the  axis  of  the  fold  should  pro- 
duce more  water. 

See  Section  X  for  geological  structure  of  Powder  River 
artesian  basin. 

i 

THE  GREEN  RIVER  ARTESIAN  BASIN. 

The  area  of  this  basin  is  very  great,  but  the  boundary  lines 
cannot  be  surely  fixed,  since  there  are  no  mountain  ranges 
that  act  as  barriers,  and  also  because  the  Tertiary  rocks  have 
obscured  the  greater  portion  of  the  Mesozoic  and  Paleozoic 
terranes.  The  Rawlins  uplift  marks  the  eastern  limit,  but  as 
this  only  extends  a  few  miles,  it  only  establishes  a  portion  of  the 
boundary.  From  the  Rawlins  uplift  the  line  extends  south  to 
the  western  flank  of  the  Sierra  Madre  range,  thence  south  to 
the  Colorado  line.  To  the  northward  it  extends  to  Green  moun- 
tain.  The  northern  boundary  extends  from  Green  mountain 
northwest  to  South  Pass,  thence  north  and  west  to  the  great 
bend  of  the  Green  River  and  thence  southwest  along  the  Gros 
Ventre  mountains.  The  western  border  is  formed  by  the  Gros 
Ventre  mountains  and  lesser  folds  that  extend  southward  out- 
cropping occasionally  between  Lead  creek  and  at  a  point  just 
west  of  Opal,  thence  due  south  to  the  Colorado  line;  but  all, 
or  nearly  all,  of  the  older  sedimentary  rocks  are  buried  be- 
neath the  Tertiary.  The  southern  boundary  is  in  reality  in  Col- 
orado, where  the  Uinta  mountains  form  a  higher  barrier,  with 
the  Paleozoic  and  Mesozoic  rocks  dipping  toward  Wyoming. 
Conditions  about  the  basin  are  different  from  anv  described. 
There  are  some  high  mountains  but  the  strata  do  not  as  a  gen- 
eral thing  extend  high  up  along  the  ranges.  For  miles  none 
of  the  Mesozoic  and  Paleozoic  rocks  are  exposed  and  if  they 
ever  did  flank  the  range  they  have  been  completely  buried  by 
more  recent  sediment.  At  Rawlins  there  is  an  Archaean  ex- 
posure, but  the  sedimentary  rocks  reach  a  higher  elevation 
than  the  granites.     To  the  west  of  the  Archean  the  Paleozoic 
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rocks,  which  are  Cambrian,  Carboniferous  and  probably  Per- 
mian dip  to  the  westward  at  a  higher  inclination  and  also  grad- 
ually decrease  in  elevation  toward  the  Red  desert.    The  Mcs- 
ozoic  rocks,  apparently  conformable,  dip  at  a  less  angle  and  at  a 
distance  of  ten  or  fifteen  miles,  the  Laramie  rocks  dip  only  a 
few  degrees  to  the  west.     South  of  Rawlins  the  dip  of  the 
strata  gradually  flattens,  and  only  the  Cretaceous  series  appear 
on  the  surface.    Along  the  Sierra  Madre  the  Cretaceous  rocks 
rest  upon  the   Algonkian  schists.     The   drainage   from  this 
range  may  enter  the  Cretaceous  at  various  intervals,  or  it  may 
follow  the  unconformability  to  a  great  depth.     North  of  the 
Rawlins  uplift  artesian  conditions  disappear.    The  Cretaceous 
rocks  are  folded,  but  form  a  rough  and  broken  country  that 
is  bordered  on  the  west  with  Eocene  Tertiarv  rocks,  and  the 
north  by  an  elevated  region  known  as  Green  mountain,  the 
structure  of  which  is  not  definitelv  known.     Possibly  Green 
mountain  may  act  as  a  storage  reservoir,  but  with  this  except- 
ion there  are  no  elevations  to  produce  hydrostatic  pressure. 
To  the  west  of  the  Rawlins  uplift  slight  flows  may  be  looked 
for,  and  these  may  be  secured  manv  miles  west  of  Rawlins: 
but  large  wells  should  never  be  expected.     Along  the  Sierra 
Madre  mountains,  the  question  of  artesian  water  cannot  be  set- 
tled without  drilling.     Surface  conditions  do  not  warrant  an 
opinion. 

The  northern  boundary  of  this  basin,  from  Crook's  gap 
westward,  is  a  broad  Tertiary  plateau,  which  practically  forms 
the  northern  boundary  of  the  Red  desert.  To  the  southward 
the  plateau  terminates  in  precipitous  bluffs  which  rise  from 
500  to  1,000  feet  above  the  desert,  and  reach  in  almost  an  un- 
broken line  from  just  west  of  Crook's  gap  nearly  to  Pacific 
Springs.  Throughout  this  entire  distance  there  is  no  evidenct 
of  any  rocks  older  than  the  horizontal  Tertiarv  strata,  that  alike 
covers  the  table  land  and  the  desert.  Mesozoic  rocks  are  b^ 
low ;  but  how  deep  one  would  have  to  drill  to  reach  them  no 
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one  can  tell.  Prior  to  the  deposition  of  the  Tertiary,  the 
Cretaceous  rocks  flanked  the  Wind  River  range.  These  rocks 
seem  to  have  suffered  greatly  from  erosion  along  the  south- 
em  and  western  slopes  and  later  their  upturned  edges  were 
entirely  buried  by  the  Tertiary.  At  the  foot  of  the  escarpments 
along  the  desert  it  may  be  possible  to  drill  and  reach  some 
of  the  Cretaceous  bands.  At  present  there  are  no  indications 
to  follow,  since  there  are  only  a  few  small  springs  known  that 
have  their  origin  in  the  Tertiary.  From  Pacific  Springs  north 
and  west  conditions*  are  similar  until  within  a  few  miles  of  the 
great  bend  of  the  Green  river,  where  both  Mesozoic  and  Pa- 
leozoic outcrop.  These  escarpments  are  very. small,  however, 
and  give  but  little  promise  of  important  water  supplies.  West 
of  the  Green  river,  along  the  southern  and  eastern  slopes  of  the 
Gros  Ventre  mountains,  the  sedimentary  rocks  lie  high  up  on 
the  range  and  offer  similar  inducements  for  drilling  as  have 
been  cited  along  several  of  the  other  important  mountain 
ranges.  Conditions  are  not  exactly  the  same,  since  the  Tef- 
tiary  strata  obscures  the  most  of  the  Cretaceous  and  will  make 
it  necessary  to  drill  in  the  lower  Mesozoic  bands  and  in  the 
Paleozoic.  Along  this  range  the  rocks  exposed  are  the  same 
as  formed  along  the  eastern  slope  of  the  Wind  River  moun- 
tains. 

From  the  Gros  Ventre  mountains  southward  to  the  state 
line  there  is  an  anticlinal  fold  along  which  the  lowest  exposed 
rocks  belong  to  the  Carboniferous.  This  exposure  is  not  con- 
tinuous, for  the  Tertiary  rocks  have  in  many  instances  covered 
the  entire  fold.  It  is  especially  prominent  northward  from 
Opal  on  the  Oregon  Short  Line  railroad.  Between  the  Gros 
\'entre  range  and  Opal  there  are  no  high  mountains,  and  the 
Carboniferous  rocks  must  be  considered  the  lowest  zone  in 
which  to  look  for  artesian  water,  and  in  this  only  small  flows 
can  be  expected.  On  account  of  the  Tertiary  covering  most 
of  the  Mesozoic  the  most  desirable  locations  for  drilling  will 
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be  found  along  a  narrow  band  paralleling  the  Carboniferou 
exposure.  South  of  Opal  the  entire  fold  is  covered  with  Ter 
tiary,  which  debars  it  from  artesian  possibilities. 

The  southern  boundary  of  the  basin  is  in  reality  the  Uint 
mountains.  In  Wyoming  there  is  a  narrow  belt  of  the  upper 
most  Cretaceous  bands  that  extend  from  Black's  Fork  nearl; 
to  Dixon.  While  flowing  wells  may  be  found  in  this  region 
the  locality  is  unfavorable,  on  account  of  coal  veins  and  poo 
water.  Further,  the  supply  would  be  quite  small  and  if  goo( 
water  could  be  found  the  production  would  not  warrant  ihi 
expense. 

Some  mention  should  be  made  of  the  central  part  of  thi 
basin.  At  Salt  Wells  and  to  the  south  there  is  a  broad  anti 
clinal  fold  which  causes  the  rocks  to  dip  westward  to  RocI 
Springs  atKl  eastward  to  Black  Buttes.  To  the  east  the  sur 
face  gradually  rises  so  that  very  little  depth  is  gained.  To 
ward  Rock  Springs  the  surface  falls  rapidly  but  does  not  equa 
the  dip.  On  this  account  flowing  wells  can  be  obtained  in  thi 
vicinity  of  Rock  Springs  and  to  the  north  and  south  some  dis 
tance.  They  can  be  found  by  drilling  at  Green  River  city 
None  of  these  localities  are  recommended :  First,  on  accoun 
of  the  numerous  coal  veins,  which  always  produce  bad  water 
and  second,  on  account  of  the  abundance  of  soda  salts  fotmt 
in  this  region.  Wells  drilled  at  Green  River  in  which  thi 
water  rose  to  the  surface  and  at  times  flowed,  have  containec 
as  high  as  24  per  cent  of  sal  soda  or  sal  soda  mixed  with  othei 
soda  salts.  Artesian  wells  have  been  drilled  at  Rock  Springs 
and  a  small  flow  obtained;  but  the  water  was  anything  bu 
desirable. 

See  Section  XI  for  geological  structure  of  Green  Rivci 
artesian  basin. 
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THE  SWEETWATER  VALLEY. 

Since  the  structure  of  this  valley  is  very  questionable  and 
thus  far  has  not  been  entirely  satisfactorily  explained,  it  can 
not  be  called  an  artesian  basin.  The  valley  extends  from  the 
North  Platte  river  westward  between  the  Seminoe,  Ferris  and 
Green  mountains  on  the  south  and  the  Rattlesnake  mountains 
on  the  north,  nearly  to  Lewiston.  All  of  this  area  is  covered 
with  Tertiary  (probably  Miocene)  except  the  low  round  gran- 
ite masses  that  have  been  called  the  Sweetwater  mountains. 
The  largest  granite  areas  extend  along  the  northern  side  of  the 
Sweetwater  river  from  below  Devil's  Gate  westward  nearlv  to 
Rongis.  The  highest  peaks  are  not  over  i,ooo  feet  above  the 
valley.  The  masses  are  irregular  in  outline,  with  numerous 
low  and  long  narrow  ridges  extending  out  into  the  valley. 
The  slopes  are  smooth  and  contain  little  or  no  soil,  but  there 
are  occasional  grass  patches  or  a  few  scrubby  pine  trees.  The 
peaks  are  dome  shaped  and  are  worn  so  smooth  that  it  is  usu- 
ally very  difficult  to  scale  them.  In  all  cases  the  Tertiary  rocks 
are  found  lying  upon  or  against  the  granite.  Besides  the  large 
masses  of  granite  there  are  numerous  outliers  and  these  are 
often  very  small,  only  a  few  acres  in  extent.  These  outlying 
exposures  are  widely  scattered  and  are  to  be  found  not  only  in 
the  center  of  the  valley  but  also  along  the  Rattlesnake  and 
Ferris  mountains.  So  far  as  investigation  has  proven,  there 
are  no  Paleozoic  or  Mesozoic  rocks  exposed  in  this  region. 
Along  the  Ferris  mountains  the  Tertiary  was  found  resting 
upon  the  Archaean  and  across  the  valley  the  Rattlesnake  moun- 
tains so  far  as  known  present  the  same  features.  Along  the 
Ferris  range  the  Paleozoic  dips  at  high  angle  to  the  southward 
while  along  the  Rattlesnake  these  rocks  dip  to  the  northward. 
At  first  one  is  inclined  to  consider  this  valley  the  axis  of  a  great 
anticlinal,  with  the  ranges  on  either  side  representing  what  was 
at  one  time  the  base  of  a  broad  and  high  range.  On  a  second 
thought  it  seems  more  likely  that  this  valley  was  an  Archaean 
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land  mass  and  that  it  continued  to  be  an  island  from  the  begin- 
ning of  the  Archxan  up  to  the  close  of  the  Eocene  Tertiary. 
Following  this  period  the  granite  highland  was  depressed  and 
covered  by  a  Miocene  sea,  but  the  peaks  and  highest  ranges 
protruded  above  the  lake  surface.  Prior  to  this  valley  becom- 
ing a  Tertiary  sea  the  Ferris  and  also  the  Rattlesnake  moun- 
tains were  in  all  probability  elevated  by  means  of  enormous 
faults  which  paralleled  the  valley.  In  case  this  solution  is  true 
the  granite  peaks  of  the  Sweetwater  valley  represent  the  only 
portions  of  Wyoming  that  have  been  constantly  above  sea  since 
the  beginning  of  geological  time.  Again,  if  this  solution  is 
true,  the  Sweetwater  valley  is  not  an  artesian  basin,  and  while 
wells  may  be  found  by  drilling,  no  one  should  expect  a  flow. 

See  Section  XII  for  geological  structure  of  the  Sweet- 
water valley. 


THE  LARAMIE  ARTESIAN  BASIN. 

This  ideal  basin  lies  between  the  Laramie  apd  Medicine 
Bow  mountains,  being  limited  in  its  southern  extension  by  the 
union  of  the  Laramie  and  Medicine  Bow  mountains  and  on 
the  north  bv  the  westward  bend  of  the  Laramie  mountains, 
which  forms  the  eastern  boundary,  and  on  the  west  bv  the 
Carbon  and  Shirley  artesian  basins,  which  boundary  is  a  north 
and  south  line  passing  just  west  of  the  western  termination 
of  the  Como  anticlinal.  In  the  northern  half  of  the  Laramie 
basin  there  is  a  local  anticlinal  fold  extending  from  the  old  Mi- 
ser siding  north  and  east  nearly  to  the  Big  Laramie  river,  and 
a  second  one  north  of  Rock  Creek  which  has  the  same  strike 
as  the  Miser  and  is  several  miles  in  length.  West  and  north 
of  these  is  the  Como  anticlinal  and  a  portion  of  the  anticlinal 
north  of  Medicine  Bow,  which  influences  the  strata  as  much  as 
either  of  those  previously  mentioned. 

The  rocks  forming  this  basin  include  all  of  the  periods 
known  in  the  Rocky  mountain  geology  from  the  Carboniferous 
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to  the  Fox  Hills  inclusive.  Along  the  Laramie  mountains  the 
Carboniferous  and  Pemiian  lie  high  up  along  the  range,  often 
reaching  an  elevation  of  from  i,ooo  to  1,500  feet  above  the 
valley  and  dipping  gently,  about  12  degrees,  to  the  westward. 
In  reality  these  rocks  form  the  western  slopes  of  the  range  and 
on  this  account  there  is  not  a  single  stream  that  forms  from 
springs  along  the  mountain  side  that  reaches  the  Laramie 
river,  on  account  of  the  water  following  the  bedding  planes 
and  supplying  the  artesian  basin.  The  conditions  along  the 
southern  end  of  the  basin  cannot  be  as  clearly  shown,  since  the 
rocks  are  badly  distorted,  faulted,  and  in  many  places  they  dip 
at  a  high  angle  northward  and  are  largely  covered  with  soil. 
Along  the  Medicine  Bow  mountains  the  dip  of  the  rocks  is 
very  sharp,  often  reaching  60  degrees,  and  on  account  of  the 
soil  and  talus  washed  from  the  range  they  are  as  a  rule 
buried.  In  the  Centennial  valley,  which  lies  between  Sheep 
mountain  and  the  main  range,  there  is  a  small  area  in  which 
the  rocks  are  not  very  thick,  since  they  have  suffered  excep- 
tional erosion  and  not  less  than  10,000.  feet  of  sedimentary 
rocks  have  been  removed.  In  consequence  the  entire  strata  in 
this  region  are  not  over  4,000  feet  thick  in  the  center  of  the 
valley  and  the  rocks  dip  gently  from  both  the  east  and  tne 
west  and  likewise  from  the  south.  North  along  the  Medicine 
Bow  range  the  Carboniferous  rocks  seem  to  rest  upon  the 
Archaean  or  Algonkian  and  can  be  seen  occasionally  where 
the  streams  issue  from  the  mountains.  Sometimes  they  are 
found  higher  up  than  along  the  Laramie  range.  The  great*- 
est  difference  between  the  eastern  and  western  sides  of  this 
basin  is  that  on  the  east  the  rocks  dip  gently  and  the  oldest 
sedimentary  rocks  extend  a  long  distance  from  the  crest  of 
the  range,  while  along  the  western  side  the  rocks  approach 
the  vertical  and  are  only  seen  in  narrow  bands.  (For  illustra- 
tion, see  geological  section  of  the  Laramie  basin.) 

Along  the  northern  end  of  the  basin  the  Carboniferous 
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rocks  are  gently  inclined  to  the  south  and  form  a  broad  band 
that  disappears  beneath  the  Tertiary  on  nearing  Sheep  creek. 
Above  the  Carboniferous  there  is  a  broad  band  of  Triassic 
sandstone.  These  gently  dipping  strata  will  furnish  a  consid- 
erable amount  of  water.  For  this  section,  the  Laramie  moun- 
tains must  be  considered  as  the  primary  source  for  the  water^ 
which  is  slightly  augmented  by  the  flow  from  Freezeout  hills. 
The  slight  uplifts  near  Miser,  Rock  Creek,  Como  and  Medi- 
cine Bow  also  affect  this  whole  region.  Along  the  anticlinals 
the  axes  have  been  eroded  down  to  the  Triassic  and  in  the  one 
north  of  Medicine  Bow  to  the  Permian  or  Carboniferous.  Be- 
tween these  folds  are  slight  synclinal  basins  which  may  prove 
valuable  for  small  wells.  There  are  a  few  springs  that  act  as 
overflows  for  this  section.  One  is  at  Como,  another  at  Seven 
Mile  spring,  north  of  Rock  Creek,  and  a  third  at  Boswell 
springs.  These  folds  have  been  beneficial  to  a  certain  degree, 
for  thev  have  caused  the  Cretaceous  bands  to  be  removed  and 
made  it  possible  to  reach  the  Carboniferous  and  the  Archaean 
a  long  distance  from  the  Laramie  mountains. 

The  mountains  on  three  sides  of  this  basin  furnish  the  wa- 
ter supply  for  this  basin.  On  the  plains  the  average  rainfall  is 
about  12  or  14  inches,  but  in  the  Medicine  Bow  mountains  it  is 
double  if  not  treble  that  amount.  A  considerable  portion  ot 
this  snow,  which  melting,  gradually  follows  the  strata  on  their 
downward  course  and  this  basin  is  filled  to  the  overflowing, 
the  overflows  being  springs  in  various  places  along  the  ranges. 
Along  the  foot  of  the  Laramie  mountains  there  are  the  Lara- 
mie, Soldier  Creek,  Simpson,  Red  Buttes  and  Sportsman  lake 
springs,  all  of  whicli  appear  to  come  from  a  slight  fault.  The 
large  springs  in  the  Centennial  valley  are  also  vents. 

The  most  important  water-bearing  horizons  are  the  Car- 
boniferous, Permian,  Triassic,  and  Dakota  Cretaceous.  Above 
these  bands  good  wells  may  be  secured  in  which  the  water  will 
be  questionable.    Along  the  western  boundary  of  the  basin  the 
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above  formation  cannot  be  seriously  considered,  since  as  a 
rule  they  are  found  high  up  along  the  range  where  water  is 
not  needed.  Below,  along  the  valley,  the  depth  will  be  too 
great  to  penetrate  with  a  drill.  The  Centennial  valley  is  an 
exception  to  the  above,  for  at  any  point  in  the  valley  it  will 
be  possible  to  drill  to  the  granite.  Artesian  wells,  however, 
will  be  found  by  drilling  in  the  Cretaceous  rocks  along  the 
Medicine  Bow  mountains.  The  chances  for  securing  good 
water  are  about  equal  to  the  chances  for  securing  poor. 

Along  the  eastern  side  of  the  basin  conditions  are  excep- 
tionally favorable  for  well  drilling  to  secure  water  in  the  Car- 
boniferous, Permian  and  Triassic  rocks.  There  is  a  belt  vary- 
ing from  three  to  six  miles  in  width  the  entire  length  of  the 
basin,  where  wells  drilled  from  200  to  3,000  feet  can  secure 
good  flows  of  excellent  water,  the  deep  wells  having  prefer- 
ence and  producing  the  largest  volume  of  water. 

At  the  present  time  numerous  experiments  have  been 
tried  in  the  Laramie  basin  and  they  have  usually  been  suc- 
cessful. Quite  a  number  of  wells  have  been  drilled  in  and 
about  Laramie.  These  vary  in  depth  from  200  to  1,500  feet 
and  the  water  has  usually  been  found,  but  the  flow  only  mod- 
erate. It  is  only  fair  to  remark  that  had  they  used  larger  tools 
the  production  of  each  well  would  have  been  increased.  So 
far  as  known,  the  wells  drilled  at  Laramie  have  all  been  in  Tri- 
assic sandstone  and  but  a  few  of  them  have  been  drilled  deep 
enough  to  reach  the  Permian  or  Carboniferous  rocks,  where 
the  best  wells  will  be  found.  I  would  suggest  that  the  most 
valuable  water-bearing  horizon  lies  near  the  granite,  where 
there  is  a  coarse  sandstone.  At  Laramie  a  well  would  have 
to  be  drilled  about  2,000  feet  to  reach  this  zone,  which  in  all 
probability  will  furnish  a  surprising  water  supply.  Along 
the  western  edge  of  the  basin  four  wells  have  been  drilled, 
three  of  which  flow,  and  in  the  fourth  water  would  rise  to 
within  18  inches  of  the  surface.     The  water  of  two  of  these 
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wells  was  excellent.  The  others  were  sulphurous  and  con- 
tained considerable  sodium  sulphate.  The  good  wells  secured 
their  flow  in  the  Fox  Hills  sandstones.  The  water  supply  of 
the  Laramie  plains  can  be  greatly  augmented  by  drilling  arte- 
sian wells.  The  basin  is  large,  has  a  vast  area  tributary  to  sup- 
ply water  which  can  not  only  be  utilized  for  ranch  and  mu- 
nicipal purposes,  but  to  a  considerable  extent  for  irrigation. 
What  is  most  needed  today  is  a  deep  well  that  should  be  drilled 
a  good  distance  west  of  the  Laramie  range  and  deep  enough  to 
reach  bed-rock. 

How  many  wells  this  basin  will  support  and  give  to  them 
all  a  reasonable  supply  can  not  be  estimated.  However,  the 
area  is  large  and  the  water  supply  is  more  than  ordinary.  By 
drilling  wells  the  pressure  must  of  necessity  be  decreased, 
but  this  will  not  be  apparent  until  the  demand  exceeds  the 
supply. 

See  Section  XHI  for  geological  structure  of  the  Laramie 
artesian  basin. 


THE  SHIRLEY  ARTESIAN  BASIN. 

Lying  east  of  the  North  Platte  river  and  north  of  the 
Shirley  mountains  there  is  a  depression  that  has  been  known 
for  years  as  Shirley  basin,  but  this  must  not  be  confused  with 
the  Shirley  artesian  basin,  which  is  very  much  larger.  The 
artesian  basin  includes*  all  of  the  territory  lying  between  the 
Laramie  mountains  on  the  north  and  the  Shirley  mountains  and 
Freezeout  hills  on  the  south.  There  are  no  natural  barriers 
hemming  in  this  basin  on  the  east  or  west.  The  North  Platte 
river  can  be  considered  the  -western  boundary  and  a  line  ex- 
tending north  from  the  eastern  termination  of  the  Freezeout 
hills  the  eastern.  Along  the  Laramie  mountains  the  Tertiary 
strata  have  covered  nearly  all  of  the  earlier  sedimentary  rocks. 
Near  the  Platte  river,  where  the  waters  have  cut  a  broad  val- 
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ley,  the  Tertiary  rocks  have  been  entirely  removed  and  ex- 
posed the  formations  from  the  Archaean  upwards.  Hence 
along  the  river  there  is  a  narrow  band  of  exposures  which  arc 
bordered  on  either  side  by  Tertiary  beds,  and  which  will  pro- 
duce some  artesian  wells.  From  a  point  a  few  miles  below  the 
mouth  of  the  Sweetwater  river,  where  the  Platte  river  surges 
through  the  great  canon,  the  sedimentary  rocks  dip  to  the 
north.  Passing  down  the  canon  one  can  see  along  the  walls 
the  Cambrian,  Carboniferous,  Permian,  Triassic,  Jurassic,  and 
the  very  base  of  the  Cretaceous,  when  suddenly  the  Carbonifer- 
ous or  Permian  rocks  are  duplicated  and  rise  at  least  400  feet 
above  the  Cretaceous.  This  sudden  change  has  been  due  to  a 
fault  which  extends  for  a  considerable  distance  on  either  side 
of  the  Platte  river  and  possibly  is  the  southeastern  termination 
of  the  great  fault  that  produced  the  Rattlesnake  mountains. 
From  this  fault  flows  several  warm  springs  which  have  been 
credited  with  remarkable  medicinal  properties.  The  water  has 
a  temperature  of  140  degrees  F.  At  any  point  above  the  fault 
artesian  wells  may  be  drilled  and  a  flow  obtained.  The  Platte 
river  crossing  these  strata  at  nearly  right  angle  as  it  passes 
through  the  canon,  furnishes  them  with  an  unusual  supply  of 
water.  Below  the  fault,  the  Paleozoic  rocks  are  covered  with 
gently  dipping  Mesozoic  bands  which  are  capped  with  Lara- 
mie. Below  Alcova  ten  miles  is  the  axis  of  a  synclinal  basin 
which  extends  northwest  and  southeast,  beyond  which  the  stra- 
ta rise  gradually  toward  the  Laramie  range.  On  either  side  of 
the  synclinal  basin,  that  is,  near  Alcova  or  near  the  Laramie 
range,  wells  can  be  drilled  in  the  Triassic  and  possibly  in  the 
Fort  Benton  and  a  medium  flow  obtained.  Were  it  not  for  the 
water  supply  of  the  Platte  river  this  section  would  be  of  no 
value  for  artesian  water. 

From  the  Platte  river  eastward*  along  the  range  there  are 

*Since  the  geolojsical  map  was  drawn  I  have  investigated  Bates  Hole  and  found  that 
the  central  portion  of  this  area  has  been  eroded  down  to  the  Cretaceoos.  The  Cretaceoss 
exposure  along  the  Platte  river  should  extend  in  a  narrow  belt  some  thirty  miles  east  aad 

south. 
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no  places  where  surface  indications  would  warrant  anyone  in 
searching  for  artesian  water.  Along  the  Shirley  mountains  the 
Tertiary  has  also  covered  the  upturned  sedimentary  rocks  from 
the  Platte  river  eastward  to  the  head  of  Muddy  creek.  From 
the  head  of  Muddy  creek  along  the  range  as  far  as  Freczeout 
hills,  the  Paleozoic  strata  are  exposed  and  are  nearly  vertical, 
dipping  slightly  to  the  northe.-ist.  Below,  in  the  valley,  are 
the  Mesozoic  rocks,  which  extend  for  several  miles  northward, 
when  they  disappear  beneath  a  high  Tertiary  bluff.  All  along 
the  range  between  the  last  points  mentioned,  wells  may  be 
found  by  drilling  near  the  mountain  base.  A  better  method 
would  be  to  tunnel  for  the  water  in  the  section.  . 

Along  the  Freezeout  hills  the  oldest  exposed  rocks  ar« 
either  Permian  or  Carboniferous  which  do  not  rise  to  any  con- 
siderable height  above  the  valley  lands.  All  of  the  Mesozoic 
rocks  are  present  and  the  Dakota  band  forms  the  slopes  of  the 
hills.  These  are  cut  in  numerous  places  by  gulches  and  ravines 
in  which  there  are  a  few  small  springs.  By  drilling  in  the  Da- 
kota bands  and  penetrating  the  Triassic  sandstones  flowing 
wells  can  be  obtained.  The  flow  will  not  be  strong  and  the 
water  may  be  strongly  impregnated  with  gypsum. 

See  Section  XIV  for  geological  structure  of  the  Shirle> 
artesian  basin. 


THE  CHEYENNE  ARTESIAN  BASIN. 
This  basin  differs  from  most  of  the  artesian  basins  of  th* 
state.  In  the  first  place,  the  mountains  are  found  along  the 
western  side  only,  the  eastern  and  southern  borders  having  nc 
barrier  and  the  strata  extending  into  Colorado  and  Nebraska. 
The  Carboniferous  rocks  exposed  to  the  westward  of  Cheyenne 
outcrop  at  Omaha.  Secondly,  the  water-bearing  rocks  were 
originallv  and  are  to  a  great  extent  at  the  present  time  co\'cred 
with  Miocene  Tertiary,     Nevertheless  there  are  artesian  pos>i- 
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bilitics  in  the  Chevenne  basin,  which  is  bounded  on  the  north 
by  the  Povv^der  river  basin,  on  the  west  by  the  Laramie  moun- 
tains, and  extending  on  the  south  into  Colorado  and  the  east 
into  Nebraska.  Along  the  Laramie  mountains  the  Paleozoic 
rucks,  which  are  composed  of  simply  the  Carboniferous  or  Car- 
boniferous and  Permian,  stand  in  nearly  a  vertical  position, 
except  at  Table  mountain,  where  a  large  block  of  limestone 
has  been  carried  up  by  the  granite  and  is  an  isolated  area  nearly 
level.  To  the  northward  of  Table  mountain,  along  Pole  creek, 
Horse  creek  and  Chugwater,  the  Carboniferous  can  be  seen 
as  huge  hog-backs  paralleling  the  range.  Similar  exposures 
are  seen  south  of  Table  mountain.  Occasionally  there  are  ex- 
posures of  the  Triassic  sandstone  accompanying  the  Carbonif- 
erous and  in  a  few  instances  the  Tertiary  has  been  removed 
in  the  valleys,  laying  bare  the  Cretaceous  rocks  as  high  as  the 
Fort  Pierre  shales.  In  localities  where  the  Mesozoic  and  Pale- 
ozoic rocks  are  exposed  and  the  strata  are  not  vertical,  artesian 
wells  may  be  found,  but  the  water  supply  will  be  small,  since 
these  strata  depend  upon  the  rainfall  for  their  water. 

In  Goshen  hole  the  Tertiary  rocks  have  been  removed 
from  quite  large  areas,  and  the  Laramie  sandstones  exposed. 
Artesian  water  will  be  found  in  this  depression,  but  on  account 
of  the  coal  the  water  may  be  very  impure.  Again,  the  supply 
of^  water  from  wells  drilled  in  this  region  will  never  be  very 
g-reat.  North  of  the  Big  Laramie  river,  and  especially  along. 
the  Platte  riyer  and  extending  eastward  to  the  Hartville  hills, 
the  geology  is  entirely  different  from  the  southern  half  of  the 
basin.  Here  not  only  the  Tertiary  rocks  have  been  removed^ 
but  also  the  Mesozoic,  leaving  the  Carboniferous  exposures. 
To  the  \yest\\'ard  of  the  canon  of  the  Platte  there  is  a  synclinar 
basin,  in  which  there  are  some  Cretaceous  rocks.  Representing 
the  oldest  strata  along  the  Laramie  mountains  are  the  Carbonif- 
erous and  Cambrian  rocks  extending  high  up  along  tlie  moun- 
tain   slopes.     This  produces  a  basin  of  considerable  import- 
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ance,  and  wells  drilled  in  the  Dakota  or  lower  will  unquestion- 
ably find  an  abundance  of  excellent  water.  All  of  the  lime- 
stone area  between  the  Cheyenne  and  Northern  railroad  and 
llartville  can  be  considered  as  artesian  territory.  Wells  will 
not  have  to  be  drilled  deep  and  the  flow  will  not  be  lat^. 
Eastward  t'rotn  Hartville  conditions  are  unfavorable  for  well 
drilling.  The  Tertiary  country  lying  east  of  Whalen  canon 
will  probably  never  have  a  flowing  well.  The  rocks  to  be 
encountered  below  the  Tertiary  are  the  Laramie,  which  are 
quite  liable  to  furnish  very  inferior  water.  In  case  an  artesian 
well  is  contemplated  at  Cheyenne  in  the  future  they  should 
arrange  to  drill  not  less  than  4.000  feet.  But  in  any  case  it 
is  very  questionable  if  a  well  would  ever  pay  the  necessary  ex- 
pi^nse.  In  this  connection  it  is  well  to  recall  some  of  the  wetU 
that  have  been  drilled  in  the  Tertiary  that  do  flow  small  streams 
of  good  water.  One  of  these  is  south  of  Cheyenne.  In  the 
Tertiary  there  are  lenses  of  clay  that  are  impermeable  layers, 
and  these  confine  a  small  quantity  of  water  that  is  taken  up  by 
the  ground  and  carried  to  lower  levels.  The  Tertiary  dip 
slightly  to  the  eastward,  which  accounts  for  the  artesian  pres- 
sure,- Sm^U  wells, may  be  found  near  the  surface,  but  since  the 
clay  b^iKls  are  local  well  drilling  will  be  mere  giiess-w6rk. 

In  the  Cheyene  basin  the  conditions  are  such  that  in  the 
future  it  may  be  found  advisable  to  drill  wells  near  the  moun- 
tains, where  they  would  not  be  so  deep,  and  pipe  the  water  tf 
lower  levels.  The  great  springs  at  Granite  Canon  reveal  tht 
fact  that  there  is  quite  a  large  water  storage  along  the  Lara 
niie  mountains  west  of  Cheyenne,  and  that  this  spring  acts  a.' 
Hie  overflow  for  the  basin. 

See  Section  XV  for  geoI<^cal  structure  of  the  Cheyenne 
artc^iian  basin. 
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THE  CARBON  ARTESIAN  BASIN. 

This  basin  includes  the  greater  portion  of  Carbon  county. 
On  the  west  it  joins  the  Sweetwater  basin;  on  the  north  it  is 
bounded  by  the  Ferris,  Seminoe  and  Shirley  mountains  and 
Preezeout  hills;  on  the  east  bv  the  Laramie  basin  and  on  the 
south  by  the  Sierra  Madre  and  Medicine  Bow  mountains. 
The  only  supply  of  water  that  this  basin  receives  from  the 
west  is  from  Rawlins  uplift.  Along  the  eastern  slops  of  this 
anticlinal  as  far  north  as  Belle  springs,  artesian  water  may  be 
found.  A  large  number  of  wells  would  greatly  decrease  the 
flow,  since  the  uplift  is  low  and  only  a  few  miles  long. 

The  city  of  Rawlins  obtains  its  water  supply  from  the 
Carboniferous  strata.  Wells  drilled  to  the  eastward  of  the  fold 
a  few  miles  would  also  produce  water,  but  it  would  almost  be 
folly  to  drill  in  the  Cretaceous  rocks  on  account  of  the  lack  of 
"water  supply. 

Along  the  Ferris  mountains,  on  the  north,  the  Paleozoic 
Tocks,  which  include  the  Cambrian,  Carboniferous,  and  possi- 
bly fVnnian,  dip  to  the  southward.  At  Whiskey  Gap  the  dip  is 
quite  sharp,  but  bewnd,  toward  the  Seminoe,  these  rocks  are 
practically  vertical.  The  soft  sandstones  of  the  Triassic  out- 
crop along  the  foot  of  the  range,  and  beyond  the  Triassic 
there  is  a  complete  series  of  the  Jurassic  and  Cretaceous.  No 
streams  (^f  any  importance  rise  along  the  southern  slope  of 
this  range.  It  is  a  question  whether  well  drilling  would  be 
successful  along  these  slopes.  It  is  another  case  where  the 
rocks  are  so  highly  inclined  that  a  tunnel  would  be  more  de- 
sirable than  a  well.  The  range  reaches  an  elevation  of  10,000 
feet,  is  partially  clothed  with  forest  and  would  furnish  a 
considerable  supply  of  water. 

The  Ferris  range  merges  into  the  Seminoe  in  the  vicinity 
of  Sand  Creek  canon,  beyond  which  the  trend  is  to  the  south- 
east as  far  as  Bradley  peak,  where  it  again  assumes  a  south- 
•erly  course.     Between  Bradley's  peak  and  Sand  creek  there 
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are  no  sedimentary  rocks  exposed  along  the  slopes  and  the  val- 
leys are  covered  with  sand  dunes,  which  in  some  places  are 
now  accumulating  an  elevation  of  over  8,000  feet.  Southwest 
of  Bradley's  peak  the  Cretaceous  rocks  form  a  long  ridge  ex-, 
tending  many  miles  and  connecting  with  the  Cretaceous  rocks 
farther  to  the  east.  In  this  section  the  Cretaceous  rocks  appear 
to  rest  unconformably  upon  the  Algonkian  schists  and  conse- 
quently would  not  be  a  means  of  carrying  water  into  a  basin. 
From  a  point  south  of  Bradley's  peak  eastward  to  the  Platte 
river  conditions  change.  As  soon  as  the  Archaean  replaces  the 
Algonkian  to  the  eastward,  the  Paleozoic  rocks  are  again  seen 
in  nearly  vertical  bands  extending  high  up  along  the  moun- 
tains. Paralleling  the  range  on  the  south  side  is  a  secondary 
anticlinal  fold  in  the  Cretaceous  rocks.  On  account  of  the 
highly  inclined  strata  along  the  range,  tunnels  may  be  driven 
for  a  water  supply,  in  the  place  of  drilling  wells.  All  along  the 
range  opposite  the  Algonkian  schists  conditions  for  either  wells 
or  a  tunnel  are  unfavorable.  The  schists  are  water-bearing  in 
the  section  and  a  cross-cut  tunnel  into  Bradley's  peak  would 
no  doubt  yield  quite  a  stream  of  water.  Across  the  Platte  river 
the  Shirlev*  mountains  are  similar  to  the  eastern  end  of  the 
Seminoe.  except  that  the  dip  gradually  decreases  to  the  east. 
Wells  may  be  obtained  along  the  foot  of  the  range  at  any 
point  between  the  Platte  river  and  Difficulty  creek.  What  has 
been  said  of  the  northern  slope  of  the  Freezeout  hills  in  the 
Shirley  basin  is  equally  applicable  to  the  southern  slopes  in 
the  Carbon. 

The  eastern  boundary  of  the  basin  will  not  be  considered 
as  important  territory,  since  it  connects  with  the  Laramie 
basin  on  the  east.  There  are,  however,  numerous  places  where 
wells  mav  be  drilled  with  profit.    About  the  termination  of  the 


•Since  writing  the  above  I  have  been  in  the  field  and  have  discovered  that  the  Senii< 
noe  is  a  ran^e  entirely  separated  from  the  Shirley,  and  that  the  Shirley  represents  an  indi- 
vidual uplift.  This  changes  the  structure  as  given  in  the  geological  map  accompanying  thiH 
bulletin. 
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Medicine  How  anticlinal  can  be  considered  as  valuable  terri- 
tory for  small  wells. 

The  southern  boundary  presents  many  i>eculiar  phases. 
The  Medicine  How  rang"e  rises  to  a  height  of  over  12.000  feet, 
hut  separating  it  from  the  Sierra  Madre  there  is  a  broad  val- 
lev  that  has  lK*en  filled  with  Tertiary  and  the  Sierra  Madre 
mountains  are  largey  Algonkian,  atx)ut  which  nothing  older 
than  the  Cretaceous  rcKks  have  l^een  found.  Elk  mountain 
forms  the  northern  termination  of  the  Medicine  Bow  moun- 
tains, and  alnnit  this  very  prominent  |>eak  are  l)ent  the  Paleo- 
zoic and  Mesozoic  strata,  the  Paleozoic  lying  high  up  along  the 
slopes  and  continuing  to  a  considerable  distance  to  the  east- 
ward and  to  the  southward.  Alx)ut  this  mountain  there  is 
ample  r(X)m  for  many  wells,  all  of  which  should  be  large  pro- 
ducers. The  best  flow  will  be  obtained  by  drilling  through 
the  I*aleozoic  and  reaching  bed-rock.  In  the  Platte  valley,  in 
the  vicinity  of  Saratoga,  all  of  the  Mesozoic  and  Paleozoic 
strata  have  been  covered  with  the  Tertiary.  At  Saratoga  there 
is  evidence,  in  the  warm  springs,  which  are  justly  celebrated 
for  their  medicinal  (|ualities.  that  there  are  some  large  faults 
that  bring  the  heated  water  supply  to  the  surface.  It  is  very 
probable  that  the  Saratoga  valley  is  a  synclinal  basin  between 
the  two  ranges.  If  this  is  the  case,  wells  may  be  found  of 
some  importance  by  drilling  through  the  Tertiary  strata  at 
ix)ints  near  the  ranges. 

The  Sierra  Madre  range  presents  several  features  that 
have  not  been  studied  and  the  country  about  the  base  of  this 
range  cannot  be  recommended  for  artesian  wells,  but  never- 
theless a  careful  investigation  might  prove  it  of  some  im- 
portance. 

The  interipr  of  the  Carbon  basin  is  largely  made  up  of  the 
Laramie  Cretaceous  and  cannot  be  considered  as  artesian  ter- 
ritory on  account  of  the  great  depth  it  would  be  necessar>'  to 
sink  to  reach  a  flowing  water  zone. 
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THE  UIXTA  ARTESIAN  BASINS. 

In  L'inta  countv,  south  of  the  (jFos  \'entre  mountains, 
there  are  several  anticlinal  folds  that  extend  south  towards 
the  Utah  line.  For  this  reason  I  have  used  the  term  basins, 
instead  of  basin,  for  there  are  several  anticlinal  folds  that 
will  prove  to  be  of  some  value  in  securing  flowing  wells.  Un- 
fortunately, much  of  this  area  is  covered  with  Tertiary  rocks, 
which  seriously  interfere  with  working  out  the  stratigraphical 
conditions.  So  far  as  investigation  has  gone,  there  are  two 
prominent  anticlinals  extending  north  and  south.  The  axis  of 
the  first  passes  just  west  of  Opal  and  the  second  west  of  Twin 
Creek.  These  folds  are  exposed  to  jome  extent  along  the  line 
of  the  Union  Pacific  railroad  and  also  north  of  the  Oregon 
Short  Line  railroad.  The  rocks  exposed,  so  far  as  known,  are 
the  Carboniferous,  and  these  are  nearly  all  north  of  the  Ore- 
gon Short  Line  railroad,  and  do  not  form  very  high  ranges. 
In  some  instances  the  axis  has  been  deeply  dissected  but  the 
( )rdovician  or  Cambrian  rocks  have  not  been  reported.  On 
account  of  these  sedimentary  ranges  l:)eing  low  and  not  accu- 
mulating much  snow,  the  basins  in  this  region  will  not  produce 
large  flows  Again,  on  account  of  the  slight  elevation  of  the 
surrounding  country,  the  pressure  will  also  be  insufficient  to 
produce  a  large  flow,  provided  the  water  supply  is  sufficient. 
In  the  country  north  of  Opal,  and  along  the  Carboniferous 
exposures,  wells  will  be  found  by  drilling  in  the  lowest  expos- 
ures of  the  Carboniferous  or  Triassic  rocks.  Wells  obtained  in 
these  bands  will  undoubtedly  produce  the  greatest  water  supply 
and  will  also  furnish  the  most  desirable  water.  Wells  drilled 
in  the  Jurassic  will  without  question  secure  water  in  the  Tri- 
^afifiic- sandstone  provided  "they  are  drilled  to  a  depth  of  500  feet 
or  more.  It  will  also  be  possible  to  drill  in  the  Jurassic  bands 
and  reach  the  Carboniferous  water  supply  with  deep  wells.  In 
no  instance  can  the  Cretaceous  bands  be  recommended  for  ar- 
tesian wells.    They  are  water-producing  and  slight  flows  may 
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be  stcured  in  many  localities,  but  as  a  rule  the  water  supply 
would  not  be  large  enough  to  supply  a  large  ranch. 

South  of  Opal  the  conditions  are  much  more  unfavorable 
for  well  drilling  than  to  the  north.  The  Carboniferous,  Tri- 
assic  and  Jurassic  bands  are  entirely  covered  with  the  Tertiar}'. 
In  a  few  places  where  the  erosion  has  been  very  great  the  Ter- 
tiary has  been  removed  and  the  Cretaceous  bands  are  exposed. 
The  Tertiary  covering  prevents  the  accumulation  of  water  in 
the  lower  strata  and  has  also  made  it  impossible  to  drill  to  the 
valuable  water  zones,  even  if  they  did  carry  a  large  supply  of 
water. 

In  the  vicinity  of  H^liard,  especially  to  the  eastward,  ar- 
tesian wells  can  be  secured,  but  the  water  supply  will  be  very 
limited  and  the  water  very  questionable.  Along  the  Bear  river 
slight  flows  will  be  found,  but  there  is  nothing  to  warrant  any 
great  expense  in  drilling.  There  are  numerous  slight  Creta- 
ceous exposures  in  southern  Uinta  county,  where  artesian  wells 
can  be  drilled,  but  in  no  instance  should  anyone  expect  to  se- 
cure a  large  volume  of  water. 


THE  GROS  VENTRE  ARTESIAN  BASIN. 

This  is  a  small  basin  where  boundaries  have  not  been 
traced  out  on  account  of  the  country  being  very  mountainous, 
forest  clad,  and  having  no  roads  and  but  few  trails.  It  is  also 
in  a  region  that  is  well  watered  and  there  can  never  be  more 
than  a  limited  demand  for  artesian  wells.  The  southern  limit 
of  this  basin  is  the  Gros  Ventre  mountains,  which  rise  to  a 
heiq^ht  of  12,000  feet  and  extend  from  the  big  bend  of  the 
Green  river  northwest  of  Jackson's  hole.  The  eastern  bound- 
ary is  the  Wind  River  mountains,  which  have  furnished  a  vast 
accumulation  of  glacial  debris  that  has  buried  the  sedimentary 
exposures,  or  in  many  instances  they  have  been  covered  with 
Tertiary  sediments.     On  the  north  the  structure  is  only  ap- 
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proxiniaiely  known,  but  the  sedimentary  rocks  are  sufficiently 
exposed  to  warrant  me  in  saying  that  this  side  of  the  basin  is 
well  supplied  with  artesian  water.  On  nearing  Jackson's  hole 
the  valleys  and  to  some  extent  the  high  lands  are  covered  with 
gravel  so  that  the  structure  is  not  known.  Jackson's  hole 
forms  the  western  boundary  and  it  is  very  probable  that  the 
Archaean  exposures  along  the  Teton  range  were  originally 
covered  with  Paleozoic  rock  which  dipped  to  the  eastward,  but 
which  have  been  entirely  removed  by  the  excessive  erosion  of 
Snake  river,  assisted  by  glaciers,  and  their  upturned  edges 
buried  with  the  wash  from  Snake  river.  The  formations  en- 
tering into  the  structure  of  this  basin  are  Cambrian,  Ordo- 
vician,  Devonian,  Carboniferous,  Triassic,  Jurassic,  Cretaceous 
and  Tertiary.  The  Paleozoic  rocks  are  rather  steeply  inclined 
to  the  northeast  along  the  Gros  Ventre  range  and  in  most  in- 
stances they  are  exposed  at  such  an  elevation  that  wells  could 
not  be  utilized  if  drilled,  on  account  of  the  location.  In  the 
valley  of  the  south  fork  of  the  Gros  Ventre  river  wells  may  be 
drilled  to  some  advantage  in  the  Paleozoic.  To  the  west  of 
this  tributary  the  Triassic  or  some  of  the  other  Mesozoic  strata 
would  furnish  ample  water,  until  within  a  few  miles  of  the 
Hole,  where  the  Paleozoic  rocks '  outcrop  along  the  river. 
Along  the  eastern  side  of  the  basin,  wells  would  not  avail  any- 
thing on  account  of  the  country  being  high  and, very  rough. 
The  same  conditions  are  known  along  the  greater  portion  of 
the  northern  side.  In  Jackson's  hole,  the  Snake  river  and  its 
tributaries  furnish  much  more  water  than  can  be  utilized. 
There  are,  however,  numerous  places  in  the  valley  whfere  ar- 
tesian wells  can  be  secured.  •  Especially  are  the  conditions  fa- 
vorable in  the  southern  end  of  the  Hole  in  a  region  that  has 
not  been  assigned  to  any  basin  on  account  of  its  being  very 
small.  The  central  portion  of  the  Gros  Ventre  basin  is  made 
up  chiefly  of  high,  broken  country,  much  of  which  has  been 
drained  by  the  deep  gulches  and  canons.     The  most  desirable 
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water  zones  lie  beneath  the  Dakota  sandstones  in  this  as  in 
nearly  all  of  the  basins  in  Wyoming. 


THE  TETON  ARTESIAN  BASIN. 

This  basin  lies  on  the  west  of  the  Teton  mountains  and 
is  in  reality  tributary  to  Idaho.  The  formatipns  entering  into 
its  structure,  as  far  as  exposed,  are  largely  Paleozoic.  The 
Cambrian,  Ordovician  and  Carboniferous  extend  up  the  moun- 
tain slojK's  to  perpetual  snow.  Along  this  range  artesian  condi- 
tions are  ideal,  but  the  demand  for  artesian  water  in  Wyoming 
from  this  source  will  never  amount  to  anything,  since  there 
are  abundant  streams  to  provide  all  the  water  that  the  Wyo- 
ming area  of  the  Teton  will  ever  need.  For  this  reas^jn  the 
basin  has  been  merelv  mentioned. 
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